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E × F = {(x, y), x ∈ E, y ∈ F}
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S∗ = {xi ∈ S, xi 6= q}.
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S = {x0, x1, x2, x3, x4, x5, x6},
















Gq = (G, x0 = q) G
′
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u1 = (u1,1, . . . , u1,n)

u2 =
(u2,1, . . . , u2,n)
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u = (1, 2, 1, 3)
ﬁ
u′ = (−4, 1, 5, 6) ﬀ
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(x0, x2, x1, x3, x4)
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∀xj ∈ S∗, ∆qi,j =
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∆q1 = (−2, 1, 1, 0),
∆q2 = (1,−5, 1, 1),
∆
q
3 = (1, 1,−4, 1),
∆q4 = (0, 1, 1,−3),













−4 0 2 1 1
0 −2 1 1 0
2 1 −5 1 1
1 1 1 −4 1
1 0 1 1 −3
 =⇒ ∆q =

−2 1 1 0
1 −5 1 1
1 1 −4 1
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∀xi 6= q, ∀u ∈ U(Gq), Ψ(u)i = ui − 2bi,
E E
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 H(ﬀ%ﬀD → V
∀s = 〈xi1 , xi2 , . . . , xik〉, u s → u′ ≡ u
i1
→ ui1 i2→ · · · ik→ u′.
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s = 〈xi1 , xi2 , . . . , xik〉





























shot(s) = {q, . . . , q︸ ︷︷ ︸
occ(q)
, x1, . . . , x1︸ ︷︷ ︸
occ(x1)






































s = 〈xi1 , xi2 , . . . , xik〉
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xi 6= xj L
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L I1 = {x1, x4, x5} V p H(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u− u′ ∈ < ∆q1, . . . ,∆qn > .
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u3 − u1 Eﬂ
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u3 + β = (1, 1, 2, 2) + (0, 2, 1, 1)
= (1, 3, 3,  )
4
 (1, 4, y , 0)
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u⊕(kG.β) = u˜ ﬁ)
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up ← uˆ D
us ← up ⊕ β D
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us 6= up  (O"N	
up ← us D



































    
	       
	 # ﬃ
	  
 !	     
>
YZ
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q
→ (0, ( , 3,  )
2,4
 (1, 2, K , 1)
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u′ ≤ u ⇐⇒ 0 ≤ u− u′ ⇐⇒ u− u′ ∈ U+.
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(u⊕v)Rq(u+v)  (u′⊕v′)Rq(u′+v′) V)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ei = (0, . . . , 0︸ ︷︷ ︸
i−1


















































ﬂx.$ L$!'\ X = {xi1 , xi2 , . . .}
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u0 = u   I0 = {q} u1   I1 = {x2} u2   I2 = {x1}
u3   I3 = {x3}u4   I4 = {x4, x5}











uH\ª. u1 = u+β V O 'T#*uT! H\H(ª$!%%&ﬀ
. I1 ﬁ]!u"'() O! "EH(H\<ﬀ!"rL[! "+
ﬂ'(! u2 V O ' u2 n^$
uH\ﬁ













ﬁﬃO*E!ﬀD H\H(ﬀ%ﬀD " "! "E!ﬀHo$%NuH\.%%&ﬀ-'(n;
uH\ I3 V * 
$+ 'y
'($' "IL
+$'\'(!."!%&%&ﬀ I0∪. . .∪Ik−1 = S

ﬀ " 'y.ﬀ!"rL[! "+
ﬂ'(!
























































































": !# !(. /%
 )7












































u   A = ∅ A = {e2} A = {e2, e3}
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∀u ∈ U(Gq), ai u = (0, . . . , 0︸ ︷︷ ︸
i−1




















²7®§¨³H´³S®Q¦»³S¦6´k«;µ¦'« ⊕ ¶C¹S«;¨U®Q²2Ëoµk¥A´k«o¸µ¨ ai ©;® ÍMÍ ¸´k«;¦y´
¯'«;¸àF{.¯'«o¸àôá
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∀xi ∈ S∗, ei = (0, . . . , 0︸ ︷︷ ︸
i−1















































































































































u1 = (2, 1, 2, 1, 1),
u2 = (2, 1, 2, 0, 1),
u3 = (2, 1, 2, 1, 0),
u4 = (1, 1, 2, 1, 1),
u5 = (1, 1, 2, 0, 1),
u6 = (1, 1, 2, 1, 0),
u7 = (2, 0, 2, 1, 1),
u8 = (2, 0, 2, 0, 1),




































































e4 = (0, 0, 0, 1, 0)
q




, 0, 0, 1, 0)
1
 (0, 1, 1, 1, 0)
q
→ (1, v , 1, 1, 0) 2 (2, 0, 1, 1, 0)
q
→ ( $ , 1, 1, 1, 0) 1 (0, v , 2, 1, 0)
2
 (1, 0, 2, 1, 0)
q
→ (2, 1, 2, 1, 0)
q
→ ( $ , v , 2, 1, 0) 1,2 (1, 1, $ , 1, 0)
3



































e˜1 = (1, 1, 2, 1, 1) = u4,
e˜2 = (2, 1, 2, 1, 1) = u1,
e˜3 = (1, 1, 2, 1, 1) = u4,
e˜4 = (2, 1, 2, 1, 0) = u3,




e1Rqe3 ¶r   À   e1 «;´ e3 ¨­®Q¦6´UËoÎy¸'³~Ò0¥§¹S«;¦y´«o¨;ÈNÉ¦
«;Ê7«;´


















































u5 = e˜1 ⊕ e˜1 ⊕ e˜5,
u6 = e˜1 ⊕ e˜1 ⊕ e˜4,
u7 = e˜1 ⊕ e˜2,
u8 = e˜1 ⊕ e˜5,


































































































u2 = 2.e˜1 ⊕ 2.e˜4,
u3 = 1.e˜4,
u4 = 1.e˜1,
u5 = 1.e˜1 ⊕ 2.e˜4,
u6 = 2.e˜1 ⊕ 1.e˜4,
u7 = 3.e˜1 = 3.e˜4 = id,
u8 = 2.e˜4,




















































































































−3 1 1 0 0
1 −2 0 0 0
1 0 −3 1 1
0 0 1 −2 1
0 0 1 1 −2
 Op1−→

0 1 −8 3 3
0 −2 3 1 1
1 0 0 0 0
0 0 1 −2 1




0 1 0 0 0
0 0 −13 5 5
1 0 0 0 0
0 0 1 −2 1
0 0 1 1 −2
 Op3−→

0 1 0 0 0
0 0 0 18 −21
1 0 0 0 0
0 0 0 −3 3




0 1 0 0 0
0 0 0 −3 0
1 0 0 0 0
0 0 0 0 3
0 0 1 0 0
 Op5−→

3 0 0 0 0
0 3 0 0 0
0 0 1 0 0
0 0 0 1 0









L1 ← L1 + 3.L3
L2 ← L2 − L3
C3 ← C3 + 3.C1
C4 ← C4 − C1
C5 ← C5 − C1
Op2 =

L2 ← L2 + 2.L1
C3 ← C3 + 8.C2
C4 ← C4 − 3.C2
C5 ← C5 − 3.C2
Op3 =

L2 ← L2 + 13.L5
L4 ← L4 − L5
C4 ← C4 − C3
C5 ← C5 + 2.C3
Op4 =
{
L2 ← L2 + 7.L4






































































































































B1, . . . , Bk 
Ã§ÇS½A¼kÄP£





































































SP (Bk)×SP (G′) ¯=¥§¦¨ SP (G) ¯'Ë;æ=¦³S«
²=¥§µUá




















Ψ(u11, u) ⊕ Ψ(u12, u′) = Ψ(u11 ⊕1 u12, u ⊕′ u′)
ÈV³S¦¨³
SP (G) ∼ SP (G′) × SP (Bk) È i ¦ô²2«o¸´








































































































































































































































u1 + u1 = (0, 2, 2) 7→ (1, 1, 1) = u2 =⇒ u1 ⊕ u1 = u2,
u2 + u1 = (1, 2, 2) 7→ (1, 1, 0) = u3 =⇒ u2 ⊕ u1 = u3,
u3 + u1 = (2, 1, 2) 7→ (1, 0, 1) = u4 =⇒ u3 ⊕ u1 = u4,






































































































































































































n ≥ 3 ¶Q©o¥§µ®Q¦I¦'«g²7«;¸´²=¥§¨Òµk¥§³ Í «;¦6´²=¥§µ­¹S«oµ¯«²2®Q¹~ßÑ§®Q¦'«`µ­ËoÑQ¸'¹H³S«;µA{ n ©§´kË;¨
¨³



































































































































































Dn : < s0, s1 | s20 = s21 = (s1s0)n = 1 > .


























































´k³H«o¦6´â¸'¦'«ôµ«o²µËo¨­«o¦6´t¥A´k³S®§¦ ¯'«Ìé`¥?ß¹S«;ß Dn ¨«;¦'¨³ ã ¹S« Í «;¦6´Ö¯³HÊ7Ëoµ«;¦6´k«ô¯=¥§¦'¨Å©o«ô©?¥0¨oÈ ¥
ÒQ«;µ¨­³S®Q¦¦'®Q¦®Qµ³H«o¦6´kË;«#¯'«#©o«#ÑQµk¥0²'±'«#«o¨m´ù²'¥§µ­Øõ®Q³H¨C¥§²'²2«o¹HËo«ðº§¼­Ã¿+*=À·Á«Á§¼­Ã§Ç%¶?¦'®§´Ë Dn Èt¥<ï³HÑQ¸'µ­«#ÙÈÚø
Í




 2ÙÈìø  Uµk¥§²'±« Dn «´å¨¥IÒ§«oµ­¨³S®§¦Ö¦'®§¦â®§µ³S«;¦6´kËo« Dn È











































e1 = 4en − en−1 − en+1
e2 = 4e1 − en − en+1


































































4e3 = e1 + e2 + e4
4e1 = e2 + e3 + e4
4e2 = e3 + e1 + e4.
¤äÏÐ® ôá 
e1 = 4e3 − e2 − e4
e2 = 4e1 − e3 − e4
e3 = 4e2 − e1 − e4.
|ù®§¸'µ

















e1 = 4e4 − e3 − e5
e2 = 4e1 − e4 − e5
e3 = 4e2 − e1 − e5






















e4 = 4e3 − e2 − e5
µ4e2 − ν4e1 − ρ4e5 = 4(4e2 − e1 − e5)− e2 − e5

















































ρ1 = 0 
½kÃ;£
ρi = 4ρi−1 − ρi−2 + 1, ÕëÙÈìÙÈ Ù Ü
∀i ≥ 3,
{
µi = ρi+1 − ρi















3 ≤ i ≤ n á
µie2 − νie1 − ρien+1 = 4(µi−1e2 − 4νi−1e1 − 4ρi−1en+1)
−(µi−2e2 − νi−2e1 − ρi−2en+1)− en+1




µi = 4µi−1 − µi−2
νi = 4νi−1 − νi−2
























































ν5 = µ4 = 15
¶ç«;´









































1 = 1− 0 = ρ3 − ρ2 «´ ν4 = 4 = 5− 1 = ρ4 − ρ5 È=ó³C®Q¦â²7®Q¨­« ν˜i = ρi − ρi−1 ¥?ÒQ«;© ν˜3 = 1 «´
ν˜4 = 5
¶'®Q¦Ö¥I²2®Q¸'µ`´®Q¸´
i ≥ 3 á
ν˜i+1 = ρi+1 − ρi
= (4ρi − ρi−1 + 1)− (4ρi−1 − ρi−2 + 1)
= 4(ρi − ρi−1) + 3ρi−1 − 4ρi−1 + ρi−2
= 4(ρi − ρi−1)− (ρi−1 − ρi−2)













































































e1 = 4en − en−1 − en+1
e2 = 4e1 − en − en+1















e1 = (ρn − ρn+1) e1 + (ρn+2 − ρn+1) e2 − ρn+1 en+1
e2 = (4 + ρn − ρn+1) e1 + (ρn − ρn+1) e2 + (ρn − 1) en+1







 1 + ρn+1 − ρn ρn+1 − ρn+2 ρn+1−4 + ρn−1 − ρn 1 + ρn+1 − ρn 1− ρn





















 1 + ρn+1 − ρn −3ρn+1 + ρn − 1 ρn+1−3− ρn+1 + 3ρn 1 + ρn+1 − ρn 1− ρn





 ρn+1 −4ρn+1 + ρn − 1 ρn+1 +∑ni=1 ρi−ρn+1 1 + 4ρn+1 − ρn 1− ρn − 3∑ni=1 ρi





 0 0 1− ρn + ρn+1 − 2∑ni=1 ρi−ρn+1 1 + 4ρn+1 − ρn −∑ni=1 ρi − ρn+1





 0 0 1− ρn + ρn+1 − 2∑ni=1 ρi−ρn+1 ρn+2 −∑ni=1 ρi − ρn+1












©;®Q¦'¨­³S¨­´«{ñ¥§²'²¹S³SÎy¸'«;µÅ¹+¥ ﬂ«;¹+¥0´³S®Q¦°¯'«ôµË;©o¸'µ­µ«;¦'©o« ÕëÙÈìÙÈ Ù
Ü
²2®Q¸'µ
i = n+ 1
«;´






L1 ← L1 − L3
L2 ← L2 + 3L3 O3 =
{





©o®Q¦'¨­³S¨m´k«¬¥0¹S®Qµ­¨?{ô¸´k³H¹S³H¨«oµ.«;¦'©o®§µ«â¸'¦'«ÖØõ®§³S¨I¹+¥ ﬂ«;¹+¥0´³S®Q¦ ÕëÙÈ ÙÈ Ù
Ü
¥?ÒQ«;©






n ≥ 0 á





















n ≥ 0 á
ρn = λα





















































































ρn−1ρn+1 = ρ2n − ρn
Èﬁ|ï¥§µﬂ©;®Q¦'¨Ë;Îy¸'«o¦6´?¶E¹H«T¯'Ë;´«oµ
Í
³H¦=¥§¦6´ −wn ¯'¸ Í ³S¦'«;¸'µ
(





«;¨­´ −wn = −(ρn+1 + ρn+2) ¶=©?¥0µUá
wn = ρ
2
n+1 − (ρn − 1)ρn+2
= ρ2n+1 − ρnρn+2 + ρn+2
= ρ2n+1 − (ρ2n+1 − ρn+1) + ρn+2








nwn = n(ρn+1 +
ρn+2)
á9³S¹Þ¨oÏÚ¥§ÑQ³~´U¯'«¹ëÏÚ®§µ¯'µ­«¯'¸ÑQµ®§¸'²7«



































9ku! Au#"q s­q!up vyx ½A¾¼

















































9ku! Au#"q s­q!up vyx,zg½A¾¼Âb½A¾Â
m,n ≥ 1 ½kÃ





































































hm = km + km+1

km = ρm+2 − ρm+1

hm = ρm+3 − ρm+1

hm − km = ρm+3 − ρm+2

hm km = ρ2m+2

hm−1 km = ρ2m+1







hm−2 km = ρ2m − 1

hm−1 km+1 = ρ2m+2 − 1










































ÈA|ù¥§µI¹+¥ |µ®Q²2®Q¨­³H´k³H®Q¦ñÙÈ~ítŁ¬²=¥§Ñ§«â©;³ j ©o®Q¦6´kµ­«®Q¦ñ¥
ka(t+1) =














































k2a+1 = (ka+1 +









































































































































































(n− 1)/2 ≥ t ¨­³ 3t ¯'³HÒ³H¨« n ²7®§¸'µ t ≥ 0 ÈE¤äÏÚ®Ö¹H«UµËo¨­¸'¹H´k¥0´?È 
− o −
  8+1  217K S11 i ¦¦®§´k«T¯Ëo¨®§µ Í ¥§³S¨ (a, b) ¹S«¿§º Áª«o¦6´kµ­«U¯'«o¸à«o¦6´k³H«oµ¨ a «´ b ÈC«T©o®« ©o³H«o¦6´


























(ρn+1, ρn+2) = (hm−1km, hmkm) = km
È
|ï¥§µg¯'Ëæ=¦'³~´k³S®§¦






































S11 = (n, km, hmkm − hm−1km − n
2













²=¥§³Sµð«;´ S11 = (n, km).
 ó³
m
















8+1  21 7r S22 |ï¥0µ¯Ë;æ=¦'³~´k³H®Q¦á
S11S22 = (ρn+1 + ρn+2, nρn+1, nρn+2, (ρn+1 + ρn+2)




n = 2m + 1
«o¨m´³
Í

























S11S22 = (h2m, nhm, 3h2mkmkm+1) = hm(hm, n, 3hmkmkm+1) = hm(n, hm).








S11S22 = (6k2m, nkm,
36k2m + nkm(hm − hm−1)
2
− 3hm−1kmhmkm) =





































³H´± Sn ¯'«¹+¥ Í ¥0´kµ­³S©o« An «o¨­´
 |Þ®Q¸'µ
n = 2m + 1
³
Í
²=¥0³Sµ (n, hm) 0 00 hm 0




































































n = pt 
8& 
p
















































1 0 00 h pt−1
2
0


























































1 0 00 kpt 0
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m ≥ 2 ¶6®Q¦²2«o¸´#´kµ­®Q¸Ò§«oµ¸'¦M«;¦6´k³S«;µ n ´«o¹EÎy¸'«¹S«ﬂÑQµ­®Q¸'²2«¯¸´k¥§¨#¯'«
¨k¥
ã






































































































































































































































































p ≡ 1 [3] ÀÂ p ≡ 1 [4],































αp = α [p]
«´













ρp = ρ1 [p]
«´















ρp+1 ≡ λαpα+µβpβ− 12 ≡ λβα+µαβ− 12 ≡
λ+ µ− 1
2
≡ ρ0 [p] ÈE¤V« Í Ó Í «U®§¦â´µ®Q¸Ò§« ρp+2 = ρ1 [p] ¶=«´å¯®Q¦'© pi(p) ¯'³HÒ³S¨­« p+ 1 È i ¦Å²2«o¸´
¯'®Q¦©Ë;©oµ­³Sµ«U©;«µ­Ëo¨­¸'¹H´k¥0´á












































































































4m3 ·∏p∈P3m (p− (3p)) ÂbÀÇo¾=ÀVÇ~Ã  ½A¼ªÀ 9½A¼Ã§ÇSÀUÁÀ %HýÂ *




















































































































































































































(j, j + 1)
«´













(j − j ′ + 1, j − j ′ + 2) Ò0¥§¸´ (0, 0) ¨³ j > j ′ È&~»¥§³H¨ pφ(pt−1) ¯'³~Ò³S¨«



















































½A¼ªÀF9½A¼Ã§ÇSÀÁÀ %HýÂ * Á§¾







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































0 2 1 1 · · ·




































































































































































































































































  u&p s K­ vyx vg½A¾¼ðÂb½A¾Â






(2k+ l)×(2k+ l′) Ã¿2¼  tÄ n Â Ã¿=ÀtÄgÁÀgÇµ Ã§ÇÐº½A¼ýÂ *ªÀ`Â *=À¼H,o¾=ÀVÀtÄÂÂ%ÀÇýÇSÀ+o¾EÀ vni,j = uni,j
¿=½A¾¼Â%½A¾Â









































































k˜(n)− k(n− 1) ≤ 1  
ﬁ ª½kÄÂ×¼­Ã§Â½k £D|ï¥§µÅ¹+¥ ²µ«o¸ÒQ«ô¯'«¹+¥ |µ®Q²2®Q¨­³H´k³H®Q¦ ÙÈ~í]î²=¥§ÑQ«îŁ¶`®Q¦ ¨k¥§³~´Îy¸'«
k(n) ≤
k(n−1)+1 ÈAé·«;¹+¥ﬂ³ Í ²'¹S³HÎy¸'«ïÎy¸'« k˜(n) ≤ max(k(n−1)+1, k(n−1)) È?É#¦®Q¸´µ« k˜(n) ≥ k(n−1) È
¤V®Q¦©






























































































































































































































































































































































 ] vyx vgz %N½kýÂ







¿Ã§¼ÀTÀÂ×¾=À¼åÇ º6Ã§ÇSÀªÀ=ÂtÀ¾'?o¾½k=ÂïÇÀ¾ IÇµ  =Â ¼À¾¼TÁ§¾ª¼kÀ Â Ãº§ÇSÀ
(k˜(n)+ l)× (k˜(n)+ l′)





¦.¦'®§´« C ¹ëÏÚ«;¦'¨« Íã ¹H«`¯'«o¨ï©?¥§¨­«o¨Îy¸'³=¥§²²=¥§µ­´³S«;¦'¦'«o¦6´ç¥§¸.µ«;©;´t¥0¦'ÑQ¹S«ð¨¸'²2Ëoµ­³S«;¸'µ
Ñ6¥§¸©t±'«
(k˜(n) + l) × (k˜(n) + l′) ÈCé·® ÍMÍ « tni,j = 0
²2®Q¸'µ



















i > k˜(n) + l′
«´










































³SÔ;µ«·©o¥§¨«·¯'« C Î¸³¨oÏÐË ã ®Q¸'¹H«`¹S®§µ¨Þ¯'«`¹+¥µ«;¹+¥Aà¥0´³S®Q¦NÈ0é·«´´k«·©?¥§¨­«`«o¨m´¦'Ëo©;«o¨­¨k¥§³Hµ« Í «o¦6´
{Å¹+¥¹S³
Í



























¸'¦'«â¨Ë;Î¸«o¦'©;« S = (ik, jk)k≥1 ´«o¹S¹H«£Îy¸'«â¹S«²'¹H¸'¨IÑQµk¥§¦¯
³S¦¯'³S©;«
ik
































































(i′− 1, j1) ¨­®Q¦6´`¯=¥0¦'¨ð¹S¥²'¥§µ­´³S«gµË;ÑQ¸'¹S³HÔoµ­«¯«
¹+¥.©;®Q¦æ=ÑQ¸µk¥0´³S®Q¦â¥§²'µ­Ôo¨g¹ÏÐË;´k¥§²2«




























«;¦6´k¨ S ′ ® ¹H«o¨·©o¥§¨«;¨



















S ′ Îy¸'³2µ«o¦¯ª³S¦¨­´t¥ ã ¹S«g¹+¥©?¥0¨« (k˜(n)+ l, j) «;´ðÎy¸'³E«o¨m´·´k«;¹S¹H«Îy¸'«¹+¥©?¥0¨«V¯« Í Ó Í «g©o®Q¹H®Q¦'¦'««;´ð¯'«
¹S³HÑQ¦'«
i′ − 1 ¨;ÏÚË ã ®§¸'¹S«ä¥]Ò0¥§¦6´oÈå¹S®Qµ­¨o¶E¨³Þ¹+¥©?¥§¨­« (i′ − 1, js) ¦'«ä¨;ÏÚ«;¨­´U²=¥0¨VË ã ®Q¸'¹HËo«ä¥]Ò0¥§¦6´å¹+¥©?¥§¨­«
(i′, js)
¯=¥0¦'¨ S ¶N«o¹H¹S««o¨m´¥§¸'¨­¨³ï³H¦'¨­´k¥ ã ¹H«ä¯=¥§¦¨ S ′ ¶7«´T®Q¦4²2«o¸´V¹ÏÐË ã ®Q¸'¹H«oµå¥]Ò0¥§¦6´ (i′, js) ¯=¥§¦'¨ S ′ È
¤äÏÐ® â¹S«UµË;¨¸'¹~´t¥0´oÈ


















¸'¨­´«£©o®Q¦¨­´kµ­¸'³H´ä¸'¦'«£¨­ËoÎy¸'«;¦'©o« S ′ {Ö²=¥0µ­´k³Hµ¯«

















































º½A¼ýÂ *ªÀVÂ *=À¼H,o¾=ÀVÄ¾¼TÇ~Ãº§¼ýÇýÇSÀT¼kÀ ÂÃº§¾Ç~Ãý¼kÀÁÀVÂÃýÇýÇSÀ


















n−1 È6ó®Q³H´ L ¸'¦«ﬂÑQµ³H¹S¹S«#µ­«o©;´k¥§¦'ÑQ¸¹+¥§³Hµ«·¯«`´t¥§³H¹S¹S« (2k˜(n)+














[(1, 1), (k˜(n) + l, k˜(n) + l′)]  

[(k˜(n) + l, k˜(n) + l′ + 1), (1, 2k˜(n) + l′)]  

[(k˜(n) + l + 1, 1), (2k˜(n) + l, k˜(n) + l′)]  


















































































i ≤ k˜(n)+l ¶
j ≤ k˜(n) + l′ È=É¦Ö²=¥0µ­´k³H©o¸'¹H³S«;µ`«o¹H¹S«T«;¨­´¨­´k¥ ã ¹S«0ÈE¤V®Q¦'© w = vn ¶'©o«Îy¸'³C²'µ­®Q¸ÒQ«¹S«Uµ­Ëo¨­¸'¹H´k¥0´?È 










































































































































































  u&p s K­ vyx$&%N½kýÂ
I
Ç~Ã t½k¢ùº§¾¼Ã§Â,½k ×ÁÀ=Â,ýÂ ÁÀUÇ~Ãº§¼ýÇýÇSÀÁÀUÂÃýÇýÇSÀ
2p× 2p   % u ÀtÄÂ#Ç~Ã
t½k¢ùº§¾¼Ã§Â,½kÖÄ¾¼Ç~Ã.º§¼ýÇýÇSÀÁÀÂ ÃýÇýÇSÀ
(2p+ l)× (2p+ l′) ½§ÆoÂ%À=¾=À ¿Ã§¼RÂý¼ÁÀ I ¿Ã§¼P£
 ui,j = u2p+l−i+1,j = ui,2p+l′−i+1 = u2p+l−i+1,1p+l′−j+1 = Ii,j 
¿=½A¾¼Â%½A¾Â
i, j < p  
 ui,j = u2p+l−i+1,j = Ii,p − 1 ¿=½A¾¼Âb½A¾Â i < p  p < j < p+ l  
 ui,j = ui,2p+l′−i+1 = Ip,j − 1 ¿=½A¾¼Â%½A¾Â p < j < p+ l′ + 1  j < p  
 ui,j = 0
¿=½A¾¼Â%½A¾Â
p < i < p+ l + 1













1 1 1 1 1 1 1
1 1 1 1 1 1 1
2 2 2 2 2 2 2





























































































































80× 80 «´ 80× 85 È



































(2p + 1) × (2p + 1) «o¨­´µ­«o¹H³SËo« {£©o«o¹H¹S«¯«.¹+¥ªÑQµ­³S¹H¹S«¯'«
´t¥0³S¹S¹H«

















































































































































 ui,j = u2p+l−i+1,j = ui,2p+l′−i+1 = u2p+l−i+1,2p+l′−j+1 = 1¯i,j 
¿=½A¾¼Â%½A¾Â
i, j < p  
 ui,j = u2p+l−i+1,j = 1¯i,p − 1 ¿=½A¾¼Âb½A¾Â i < p  p < j < p+ l  
 ui,j = ui,2p+l′−i+1 = 1¯p,j − 1 ¿=½A¾¼UÂ%½A¾Â p < j < p+ l′ + 1  j < p  
 ui,j = 1
¿=½A¾¼Â%½A¾Â
p < i < p+ l + 1




























































































































































































































































































uku#118ﬁq,­Fvyx v  NÃUÇS½k
+


















































G =< a1, . . . , an, a−11 , . . . , a−1n |r1, . . . , rn, c1,1, c1,2 . . . , cn,n >,
® 
























®Qµ­²'±'«d{ G/(ai = id) ¶



































































































































l'u&prprm "§á Mτ , u, u′
7rm 	 Ks
"q




q← ChoisirSommetAleatoire(Mτ )  
Mτq ← (Mτ , q)  
uq ← Restriction(u,Mτq)  


























































































































R u3 Õ|µ­® ã ¹SÔ Í «¬ÕÙÈÚ÷ÈÐÛ ÜÜ «;´ u2
?









































































3 = (1, 2, 0, 1, 1).
i
¦.«o¦.¯'Ë;¯'¸'³~´Îy¸'«




















































  ª ?
 	ñ
ô=






}QZ\[]Z\[ ¡Ez{ekvypekvAn%_begda?§vﬀ?etpf=hslﬂﬁ?lo~lovyumŁyetpðeknfQz{pbn%_%z\6c6n%z{a?vypZﬂZgZgZﬂZgZﬂZ ﬃ 
}QZ\[]ZsY !9a?§vﬀ?etpðf=hslﬂﬁ?lo~lovyumŁyetpðf6etplo_%6_betp ZﬂZgZﬂZgZgZﬂZZﬂZgZﬂZgZgZﬂZgZﬂZ ﬃ]
}QZ\[]Zs} !9a?§vﬀ?etpðf=hslﬂﬁ?lo~lovyumŁyetpðf6etp#u"Quk{etp ZﬂZgZﬂZgZgZﬂZZﬂZgZﬂZgZgZﬂZgZﬂZq[ﬂ#]Y































































































ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
 ?.0 b:=<PS
	R 2UZ:7  2ZV 8;:=2R JM2Z:B >Z79B
Y\[]Y^[  











































































































































































































































































































































































































































ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,









































































































































































































































  1u&kq s  $yxz 3
  8+1   1!  8
	  8ﬁq 11, 
u 2"







C³H¨­´k« <ï³S¹H¨   à  6= ∅ 8;1,u"
t := 1  
 Au K













































































































np  Au K
np





















































































































































































z ∈ AvT , Õ×÷ÈHí§ÈÚÛ Ü
P,Q ∈ AvT =⇒ P +Q ∈ AvT , Õ×÷ÈHí§È û Ü























































































































ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
  1u&kq s  $yx $ 3



















P := 0  
 Au K
y ∈ C³H¨­´k« <Þà ﬀ8q,­




















































































































x3, . . . , x13
z }| {
x14, . . . , x24
z }| {
x25, . . . , x35
z }| {







y3, . . . , y13
z }| {
y14, . . . , y24
z }| {
y25, . . . , y35
z }| {




































































x3, x4, . . . , x13
Õ×µ­«o¨²9È





x14, x15, . . . , x24
Õ×µ«;¨²NÈ




































































Φ(T1 + T1) + Φ(T2 + T2)
«´



























































T = T1 + T1 + Φ
2(T2 + T2)
«;´



























































































T = s(T1 + Φ2(T2 + T2))
«´
T ′ = s(T2 + Φ2(T1 + T2))
¶'«´¯'®Q¦'©¹S«Uµ­Ëo¨­¸'¹H´k¥0´





























































p+ q ≤ n+ 1  
ﬁÀﬂ¿2Ç\¾6Ä

ÇSÀd9½kÆo¼kÀäÁr Ã AÃ§Ç~Ã  *=ÀtÄ`¿2¼  ì¿Ã§ÇSÀtÄÁÀÂÃýÇýÇSÀ
k































































































. . .. . .
. . . . . .






















































i ≤ n/2 ¶=¹+¥µ­Ëo©o¸µµ«;¦'©o«¨oÏÚ¥§µ­µÓ;´«ä¥0¸ ã ®Q¸´g¯« i Ë´t¥§²2«o¨g«;´®Q¦Å´kµ­®Q¸Ò§«á























































x1 xj−1 xn−1xi xj xnx2
. . . . . .


















































AvC8(z) = 7 + 2z + 4z
2 + 4z3 + 6z4 + 4z5 + 8z6 + 2z7



































ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
Y\[]Y   


































































































































m1, m2, . . . , mn
¯'«




0 ≤ pi < mi Õ×©;ØbÈ  Ú÷Qú  Ü Èó³ p «;¨­´´k«;¹S¹S«
Îy¸'«














9ku! Au#"q s­q!up $yx v	r9À t½k¢ùº§¾¼­Ã§Â½k




































uku#118ﬁq,­ $yx $ À99½kÆo¼kÀÁÀ=t½k¢ùº§¾¼­Ã§Â½kÄU¼# ¾¼R¼kÀ=ÂbÀtÄTÄ¾¼
Kn+1
ÀtÄÂ
















































































¼ ®\´,¶    » ±©®¬kª©g¯ ªQ©®\¯±ª¶ ±·¨*»o¼ 















u = (n− 1, . . . , n− 1︸ ︷︷ ︸
d1
, n− 2, . . . , n− 2︸ ︷︷ ︸
d2










n − 1 ÑQµ¥§³S¦¨o¶ d2 «o¨­´M©o«;¹S¸'³·¯'«o¨¨® ÍÍ «;´k¨
©o®§¦y´«o¦=¥0¦y´
n − 2 Ñ§µk¥§³H¦'¨o¶gÀÂ È«ª¦'® Íã µ­« k «;¨­´.´k«;¹·Îy¸NÏÐ³S¹ð«à³S¨m´k«Å¥§¸ Í ®Q³S¦¨ä¸'¦¨­® ÍMÍ «;´äÎy¸'³
©o®§¦y´³S«;¦y´





























Èó³®Q¦ ¦'®§´« |d| =
d1 + · · ·+ dk = n ¹+¥ä´k¥§³S¹H¹S«V¯« d ¶'®§¦»¥á
m(d) :=
( |d|




d1! . . . dk!
.








































u d m(d) p u′
(2, 2, 2) (3) 1 (0, 0, 0) (2, 2, 2)
(2, 2, 1) (2, 1) 3 (0, 0, 1) (2, 2, 1), (2, 1, 2), (1, 2, 2)
(2, 2, 0) (2, 0, 1) 3 (0, 0, 2) (2, 2, 0), (2, 0, 2), (0, 2, 2)
(2, 1, 1) (1, 2) 3 (0, 1, 1) (2, 1, 1), (1, 2, 1), (1, 1, 2)
(2, 1, 0) (1, 1, 1) 6 (0, 1, 2) (2, 1, 0), (2, 0, 1), (1, 2, 0)
(1, 0, 2), (0, 2, 1), (0, 1, 2)

− o −
6m "u#1 Ks­q!u&p 8p 8+1 ys­q K
|ù®Q¸µ¸¦'«`Ø×¥
Í

















































ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
















































adKn+1(u, xi) = 0  
¨­³S¦'®Q¦9¶





























































































































































































































n = 4   K5

− o −
Hq  s­q,u&p pst­ 1, "  u&pKn  r8stq,u&p "%km  K­kps"%p «u&k pKu)58+1, os 1, "%us9"











ª½AÂýÄªÁÀ=ﬁ   A¶C®§¦²2«o¸´ä¥§¨­¨®©o³S«;µ¯'«
Í












®§´¯'« {a, b}∗ ¶y©0ÏÚ«;¨­´\j {kj%¯³Sµ«g¸'¦ Í ®0´ð¨­¸'µ¹ÏSÃ§Ç ¿+*Ã6ÆÀÂ {a, b} ¶yÎy¸'³
ÒQË;µ³~æ=«Iá
∀1 ≤ k < |w|, |w1 . . . wk|b ≤ |w1 . . . wk|a, Õ×÷ÈHí§Èìú Ü
«´ |w|b = |w|a, Õë÷È~íQÈ~ítŁ Ü









































































































































































































w = a . . . a︸ ︷︷ ︸
d1
b . . . b a . . . a︸ ︷︷ ︸
d2
b . . . . . . b a . . . a︸ ︷︷ ︸
dk












































































































































































































































































































































































































∀w ∈ CD , pi(w) := d1
(
n










































































































































































































































« CP ⊂ CD ¶ pi «o¨m´ ã ³S«o¦Å¯'Ëæ=¦'³H«¨­¸'µ CP ¶=«;´á
∀w ∈ CP , pi(w) = d1
(
n






















































































































l − 1 ²'µ­Ëo©;Ëo¯'Ë¯NÏÚ¸¦Ö²=¥0¨ Í ®Q¦6´t¥0¦y´g«´g¨¸'³~Ò³C¯NÏÚ¸¦Ö²=¥0¨¯«o¨©;«o¦'¯'¥§¦6´?È
¤V«©o«;´­´k«©?¥0µk¥§©´kËoµ­³S¨¥0´k³H®Q¦N¶®§¦â´³Sµ«U¹ëÏÚË;Îy¸=¥0´k³H®Q¦£Øõ®Q¦'©´k³H®Q¦'¦'«;¹S¹S«V¨¸'³~Ò§¥0¦y´«.á









n,m ≥ 0 ¶'®Q¦â²7«;¸´¯'®Q¦'©Ëo©;µ³Hµ«.á
[zn+m+1um+1]fˆ(z, u) =















































 Fu& 	rk 7 8;8;18p 
















































































































































d1 . . . dk
)
È'é·«;¹+¥¨­³SÑQ¦³Hæ=«åÎ¸«
hˆ(z) = z ∂
∂z










(gˆ(z, 1)) v exp (gˆ(z, 1)v)




















































































= n(n + 1)n−1 − 2n(n + 1)n−2
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ﬀﬁ	,,­"ﬁ(Q(ﬃ,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2, 5, 0, 5, 5, 0, 0
¶t®Q¦²'¹S¥§©o«ï¯'«o¨CÒQ®§³H´k¸µ«o¨
¥§¸àä²'¹S¥§©o«;¨
















































































n(1) = (n + 1)
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(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
 ?.-   79B 8M4EB >Q<dR 82Q562B
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9ku! Au#"q s­q!up $yx  &%E¾¼ﬂÇSÀ#º§¼Ã¿+*=ÀðÄ¾!tÀÂ×Â%À
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c×ﬁ Pe $'!f"bﬁ 
Φ

























































































































































































































































































































ti = (ti1, t
i
























∀1 < i ≤ k, ti = (0, . . . , 0︸ ︷︷ ︸
i−1
, 1, . . . , 1) + ti−1.
¤äÏÐ® ôá
∀1 < i ≤ k, ti = (1, 2, . . . , i− 1︸ ︷︷ ︸
i−1








































































(z, z, z, z)
á
AvL4(z) =



















































































































































































²'¹H« R8 { 8 ¨­® ÍÍ «´k¨ﬂµË;ÑQ¸'¹H³S«oµ­¨oÈ































¹H«o¨;¶ï¨³ð®Q¦¯'Ë;¨³SÑ§¦'«£²=¥§µ Ln ¹H«ª¹S¥§¦'Ñ6¥§Ñ§«M¯'«;¨ Í ®0´k¨äÎy¸'³




ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
¥§¸'¨­¨³ L = ∪n≥1Ln ¹S«U¹S¥§¦'Ñ6¥§Ñ§«T¯'«U´k®Q¸´k«o¨g¹H«o¨ﬂ©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦'¨ﬂµ­Ëo©o¸µµ«;¦6´k«o¨å¨¸'µﬂ´®Q¸´k«;¨g¹S«o¨ﬂµ­®Q¸'«;¨
¨³
Í





























./g0 21! $yx,z 
ó³E®Q¦M©o®Q¦'¨­³S¯'Ô;µ«å¹+¥µ®Q¸'«¨³
Í
























































































































































































































































P 2w(z, u) = Pw(z, u) + P
+











































































































P 2w(z, u) = z























































































































n− 1 ¶¹S«o¨g¥0¸´kµ­«o¨gË;´k¥§¦6´g¯'«¹+¥äØõ®Qµ Í « 2 . . . 202 . . . 2 È=Éç´g¨«;¸'¹S¨g¹H«o¨ Í ®§´k¨`¯«¹S¥äØõ®Qµ Í «










2 . . . 202 . . . 2
Ë;´t¥0¦y´ð¯'«
´t¥0³S¹S¹H«
n− 1 Õõ®Q¸ 0 ²2®Q¸'µﬂ©;«o¹H¹S«U©o®§¦'©o«;µ¦=¥§¦6´å¹S«T¨­® ÍÍ «´gÎ¸³C©o®Q¦6´k³H«o¦6´ 0 ÑQµk¥§³H¦ Ü È








³H¦Å¯=¥§¦'¨ A Pu(z, u) Pw(z, u) P+w (z, u) P−w (z, u)
(2, 2, 2) 222 E0E3E3E3 3z
3u3 z3u3 0 0
(2, 2, 1) 221 E0E3E3E3 3z
3u3 z3(u2 + 1) 0 0
(2, 1, 2) 212 E0E3E3E3 3z
3u3 z3(2u+ 1) z3u2 2z3u
(1, 2, 2) 122 E0E0E3E3 3z
3u3 z3(u2 + 1) 0 0
(2, 2, 0) 220 E0E3E3E4 z
3(2u2 + 1) z3(u2 + 1) 0 0
(2, 0, 2) 202 E0E3E4E3 z
3(2u2 + 1) z3(2u+ 1) z3u2 2z3u
(0, 2, 2) 022 E0E1E2E2 z
3(2u2 + 1) z3(u2 + 1) 0 0
(2, 1, 1) 211 E0E3E3E3 z
3(u+ 2) z3(u+ 2) 0 0
(1, 2, 1) 121 E0E0E3E3 z
3(u+ 2) z3(u+ 2) 0 0
(1, 1, 2) 112 E0E0E0E3 z
3(u+ 2) z3(u+ 2) 0 0
(2, 1, 0) 210 E0E3E3E4 z
3(u+ 2) z3(u+ 2) 0 0
(1, 2, 0) 120 E0E0E3E4 z
3(u+ 2) z3(u+ 2) 0 0
(1, 0, 2) 102 E0E0E1E2 z
3(u+ 2) z3(u+ 2) 0 0
(2, 0, 1) 201 E0E3E4E4 z
3(u+ 2) z3(u+ 2) 0 0
(0, 2, 1) 021 E0E1E2E2 z
3(u+ 2) z3(u+ 2) 0 0
(0, 1, 2) 012 E0E1E1E2 z



























































Pu(z, u) = u
∂P 2w(z, u)
∂u
(z, u) + P 2w(z, 0),
«;´²2®Q¸'µﬂ¹H«o¨ﬂ©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦'¨




Pu(z, u) = u([z
3u2]P 2w(z, u)z































®Q³S¦6´«U¯'«¯'«o¸àâ¹S¥§¦'Ñ6¥0ÑQ«o¨;¶¦'®§´Ëo¨ L0 «;´ L2 ¶'´«o¹H¨ﬂÎ¸«Má





















































¯'« L2 ¶«;´·«o¦'¨­¸'³H´«T©o«;¹S¹S«¯NÏÐ¸'¦ Í ®§´·¯« L0 ¶²2®Q¸'µ·¹H«o¨ðËo¦y¸ Í Ëoµ«;µ`¨¸µ
L ´k®Q¸´å«;¦6´k³S«;µoÈ
− o −



















¥0´k«å¯'«¹+¥=<ï³HÑQ¸'µ«÷È Ù0ÛIÎy¸'³Cµ­«o©o®§¦'¦=¥)}H´ L2 ¶=®Q¦â©o®Q¦¨­´kµ­¸'³H´












































(1, 1) + Pw(1, 0) = |w| È










Pw(z, u) = z
3(u2 + 1)
«´ﬂ¯'®Q¦©
































Pw(z, u) = z
13(3u2 + 2u + 5)
ÈAV³H¦'¨³ë¶






























































































































































































































./g0 21! $yx,z  















































































































































































































































































































































































































































































































































































 (1− z) −z 0 zu0 (1− 2z) −z z2u













(1− 2z)(1− z)− z2 + z(z(1− z) + z)







(1− z)(1− 2z + z2)














 (1− zu) −z −z 10 (1− 2z) −z 1














(1− zu)(z2 − 3z + 1) È;ﬂ«;¨­´k«9{I©?¥§¹H©o¸'¹H«oµ`¹H«U¯'Ë;´«oµ Í ³H¦=¥§¦6´g¨¸'³~Ò0¥§¦6´á
1 −z −z
1 (1− 2z) −z
1 −z (1− z)
=
1 0 0


























































©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦ÅµË;©o¸'µ­µ«o¦6´«¨¸'µ Rn ¶=®Q¦»²2«o¸´å©;®Q¦'¨m´kµ¸³Sµ« 2 ®Q¸ 3 ©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦'¨gµË;©o¸'µ­µ«;¦y´«o¨å¯'«
Rn+1 ÏÚ¯« Í ¥§¦'³SÔ;µ«I³S¦ ê «o©;´³HÒ§«§Ï~È i ¦Ì²2«o¸´ä´k®§¸ ê ®Q¸'µ­¨²2®Q¨«;µ un+1 = 2 ®Q¸ un+1 = 1 ¶«;´ä¨¸'³~Ò0¥§¦6´
¹S«;¨.²'µ®§²'µ³HË;´kË;¨.¯'«
u

























(1, . . . , 1, 2)
È




²¹S«U¯'« R2 ÈC«;¨ 5 ©;®Q¦æ=ÑQ¸µk¥0´³S®Q¦'¨ﬂµ­Ëo©;¸'µµ­«o¦6´k«;¨å¨­®Q¦6´äá













































s  7K6np 8+1! Au K L x i ¦¥ä«Rà²¹S³SÎy¸'Ëå¯'«TÎy¸'«;¹S¹S« Í ¥0¦'³SÔ;µ«®Q¦£²2®Q¸Ò0¥§³H´ð¯'³~Ò³H¨«;µ·¹S«å²'µ® ã ¹SÔ Í «
«o¦â¯'«;¸àâ«;´g´kµ¥?Ò§¥0³S¹S¹H«oµ¯NÏÚ¥
ã
®§µ¯â¨¸'µ L2 «;´«;¦'¨¸'³~´k«¨¸µ L0 = L \ L2
¥ <ï³HÑQ¸'µ«÷ÈìÙ ²=¥§ÑQ«í]÷ Łµ«;²'µË;¨«o¦6´«U¸'¦M´µk¥§¦'¨­¯'¸'©´k«o¸µ`Îy¸'³7²µ®¯'¸'³H´ S2(z, u) È i ¦ª¦®§´k« T +









ó³®Q¦¦'®§´« S+(z, u) «;´ S−(z, u) ¹S«;¨U¨Ëoµ­³S«;¨µ­«o¨­²7«;©;´k³~ÒQ«;¨¯'«I©;«o¨¦'®Q¸Ò§«?¥§¸à´kµk¥0¦'¨¯'¸©;´k«;¸'µ¨;¶




¯'¸â¹+¥0¦'Ñ6¥§ÑQ« L2 ¶'Ò¸'¨g©o® ÍÍ «U¯'«o¨ Í ®§´k¨ﬂ©;³Sµ©;¸'¹+¥0³Sµ«;¨oÈ
¥ <ï³HÑQ¸'µ­«U÷ÈìÙ§î.²=¥§ÑQ«U¨­¸'³HÒ0¥§¦6´k«
Í




















































  7÷ÈìÙ§ú I¥ùµ¥§¦'¨¯¸'©;´«o¸'µ T 0 ²µ®¯'¸'³S¨¥§¦6´ S0(z, u) È
|ù®Q¸µ¹S«¹+¥§¦Ñ6¥§ÑQ« L0 = L \ L2 ¶Þ³S¹¦'«£²2«o¸´²=¥§¨ß¥]Ò§®Q³Sµ¹ÏÐ«;Ê7«;´ä¯'« ã ®Qµ­¯ Í «o¦6´k³H®Q¦'¦'ËM²'¹S¸'¨
±=¥§¸´?¶9©o¥§µT¸'¦
Í















S2(z, u) = uz(1− z)
3
(1− uz)(1− 3y + y2)2
S+(z, u) = u
2z3(1− z)(2− z)
(1− uz)2(1− 3y + y2)
S−(z, u) = 2uz
3(2− z)
(1− uz)(1− 3y + y2)
S0(z, u) = uz
2(1− z)3
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t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
w









w = w1 . . . wn
«;¨­´g¸'¦
Í












Ψ(w) = 0wn . . . w1
«;´T¯=¥§¦'¨T¹H«ä¨­«o©o®§¦'¯©?¥§¨























«o¨m´å¯'¥§¦'¨ {u ∈ L0, |u| = n+ 1} È
¥µËo©;³S²'µ­®Îy¸'««;¨­´â´k®Q¸´â¥0¸'¨¨­³ËÒ³S¯'«;¦y´«òáﬂ¨­³




















S0(z, u) = y S2(z, u) È













[xmyn]S(z, u) ¶=® ôá




S(z, u) = z
3 − z




)( −2z3 + 3z2

























































0 < m ≤ n ¶=¨³ am,n = [znum] S(z, u) ¶E¥§¹H®Qµ¨ﬂ²'¥§µﬂ¹ÏÐËoÑ6¥0¹S³H´Ë.Õ×÷Èì÷ÈHí Ü ¶'®Q¦Ö¥á
am,n = [z





φ2(n−m) − φ−2(n−m)) ¨³ 0 < m < n− 1
2n
¨³





















lm,n = m am,n
¨³
0 < m < n− 1,
lm,n = (n− 1) an−1,n
2
,





































²'µ­®Q²'µ³HË;´Ëo¨`¯'«V¹+¥ä¨­Ëoµ³H« S(z, u) Ò¸«o¨g¥§¸¯'Ë ã ¸´o¶ Í ¥0³S¨³S¹2«o¨­´`²'¹S¸'¨·¨³ Í ²'¹H«å¯NÏÐ¸´³S¹S³H¨«;µð¹H«V©oµ­³H´Ôoµ«V¯'«
¦'®Qµ
Í
¥0¹S³S¨¥0´k³H®Q¦N¶yË;´k¥§¦6´¯'®Q¦'¦'ËÎy¸'« A(z, u) «o¨m´V¹S¥äØõ®Q¦'©;´³S®Q¦ÅÑQË;¦'Ëoµ¥0´kµ­³S©;«U¯NÏÚ¸¦'«¯³S¨­´µ³ ã ¸´k³H®Q¦¬á

























































































!ºh aå&  !	$'ﬁ]`V&ﬃ `  f"   &
C«ä©?¥0¨V¯'«¹+¥Mµ­®Q¸'«
Í



























































































































































































































































































ai = ni(2k + 1− i)/2 ¶=¥§¹H®Qµ¨ﬂ®§¦Ö¥Åá















ﬁ"'(*$ )ﬃ )" ^(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
2 2
3 3 3 3 3 3
3 3 3 3 3 33
3







































































®§¸´g¨¸'µg¹S¥I¯«oµ¦³SÔoµ­«©o®Q¸'µ­®Q¦'¦'«MÕ R(3, 10) Ü È
− o −

























































































































































































































R(n, k − 1) Õ×©0ÏÚ«;¨­´^j¾{kj ¯'³Sµ­«M«;¦ÌØ×¥§³S¨¥§¦6´ −(1, . . . , 1) {»¹S¥â¯'«;µ¦'³HÔoµ­«ª©o®§¸'µ®Q¦¦'«§¶   À   ¹+¥â©o®Q¸'µ­®Q¦'¦'«





























P ≥ n(n− 1)|SP (R(n, k − 1))|+ n|SP (R(n, k − 1))|
nk|SP (R(n, k))|





















µ­«U¯'«©o®Q¦æ'ÑQ¸'µk¥A´k³S®§¦'¨ﬂµË;©o¸'µ­µ«o¦6´«o¨¯'« R(n, k) «o¨m´ËoÑ6¥§¹N¥§¸Å¦'® Íã µ­«¯NÏì¥0µ ã µ­«o¨g©o®Q¸j
Òµk¥§¦6´¨¯'¸ÑQµk¥0²'±'«I¨¸'²²7®Qµm´?¶©§ÏÐ«o¨m´\j {kj%¯'³Hµ«I¯'«¹+¥ÑQµ­³S¹S¹H«ä¯'«I´t¥0³S¹S¹H«



















³S¹S¥§³Sµ­«²'¥§µ «;¦6ßQ®Q¦»¥§¦'¯â¥§¹È¯=¥§¦'¨  Ð÷   ëÈ2é·«o¹S¥I¯®Q¦'¦'«Iá









































¨«oµmÒQ«IÎy¸'« |SP (R(n, k))| ∼ exp[α(k + γ)(n + γ)] ¥?ÒQ«;© α ∼ 1.1674 «´















































































































































































i ≥ 0 ¶=®Q¦Å¦'®§´« Di ¹+¥.¯'³H¨­´µ³ ã ¸´k³H®Q¦£¯'Ëæ=¦'³S«²=¥0µUá




δi,j = 0⇐⇒ i 6= j «;´ δi,j = 1⇐⇒ i = j È
9ku! Au#"q s­q!up $yx,z&zNÃ¬ÁSÄÂ×¼×Æo¾Â,½k
Di
ÀtÄÂå¾9ÀÁSÄÂ×¼×Æo¾Â,½kèÁr Ã AÃ§Ç~Ã  *=ÀtÄÄåÀÂ`Ä]À¾ÇSÀªÀ=Â
Ä
























































































































































¸´k³S®§¦ D Î¸«o¹S©;®Q¦'Îy¸'«0¶Þ«Rà³S¨­´«j´\j%³H¹ï¸'¦ Í ®¯Ôo¹S«ä¯'«´t¥§¨¯'«.¨¥ ã ¹H«.¯'®Q¦6´
¹+¥I¯'³H¨­´kµ­³
ã























































































































(n − 2)/(n − 1) «o¦ n «;´ä¸'¦¥§¸´µ«M²7«´k³H´¯'«ª±=¥§¸´«o¸'µ 1/(n − 1) «o¦ n − 1 È






























































psd1(P,Q) := |P (0)−Q(0)|+ min
0 ≤ k ≤ ν(P − P (0))
0 ≤ k′ ≤ ν(Q−Q(0))
dist
(


























































































































n1 = n+ (i1 − i0) ¶ ê ¸'¨­Îy¸NÏ±{ nk = n+ (ik−1 − i0) ¶
«;´










































































































































































«o¦6´o¶ |S(z)| < /2 «´






psd1(P,D) ≤ |q0 −D(0)|+
∑
j>0
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(t	Q$ (	µ
ﬀﬁ	,,­"ﬁ(Q(ﬃ,P	«)(*$ﬁ+(#ﬁﬀkﬃ,
i












































































































  ﬀﬀﬁﬂﬃ	  !"	 
 #	
$






























































































































































«o¨m´¸'¦.´kµ­³S²'¹H«;´ Mτq = (M, q, τ)
´k«o¹Îy¸'«á































































l;monprq!stq,u&p Kx v å¦«t½k¢ùº§¾¼Ã§Â,½k¨¸'µ Mτq
«;¨­´V¸'¦¬©o®§¸'²'¹S«¯'«ÒQ«o©´k«;¸'µ¨
























    *=Àå¯'«V¹S¥©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦

















µ­«T¯'«º§¼­Ã Ä¶¯'«V¿Ã§¼RÂﬀ¾ÇSÀtÄU®§¸«o¦'©;®Qµ«U¯'«dÃ§¼  *=À¾¼kÄ¶«´ﬂÎy¸'«
ωi







































x0 = (1, 2),
x1 = (3, 4, 5),
x2 = (6, 7, 8),
x3 = (9, 10),




































































































































































































































































































































































































































































































































































































































































































































































ÒQ«;©;´«o¸'µÎy¸'³ iÀ  §½kÀU¾âº§¼Ã »ÇSÀÇS½kº£Á§¾¬Æo¼ 
bj
á
∀xl 6= q, send(bj)l =















































send(b2) = (−1, 0, 0) send(b3) = (−1, 0, 0) send(b4) = (−1, 1, 0)
send(b5) = (−1, 0, 1) send(b6) = (1,−1, 0) send(b7) = (0,−1, 1),











































































































































9ku! Au#"q s­q!up Kx,z %
ϕ′ = (ω′, h′)
ÀtÄÂV½§ÆoÂ%À=¾EÀ .¿Ã§¼RÂý¼.ÁÀ





















topp(b1) = send(b2) + send(b3) + · · ·+ send(bτi+1),













































x1 = (b2, b5, b4, b3)
¶0®Q¦.²7«;¸´ÒQË;µ³~æ=«oµçÎy¸'«á


















topp(b2) = send(b5) + send(b4) + send(b3) = (−3, 1, 1),
topp(b5) = send(b4) + send(b3) + send(b2) = (−3, 1, 0),
topp(b4) = send(b3) + send(b2) + send(b5) = (−3, 0, 1),













































































































































































gi = pgcd(τi, di)
©;ß©;¹S«o¨ﬂ¯«
¹S®§¦'ÑQ¸'«;¸'µ
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9ku! Au#"q s­q!up Kx v&%N½kýÂ




































hn = h0 + topp(ω0,i) + topp(σ
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ω′ := ω  




6m "  1 s98s6á
ϕ′ = (ω′, h′)






























σ = (b0, b1)︸ ︷︷ ︸
q
(b2, b5, b4, b3)︸ ︷︷ ︸
x1
(b6, b7)︸ ︷︷ ︸
x2

































  2Û'È   '~â®¯'Ô;¹S«¯'¸â²7®§³S¨¨­®Q¦Å«;´©o®§¦æ=ÑQ¸'µ¥0´k³H®Q¦


























pgcd(3, 4) = 1
©;ß©;¹S«¯'«M¹H®Q¦'ÑQ¸«o¸'µ






pgcd(2, 2) = 2
©;ß©;¹S«o¨ª¯'«¬¹S®§¦'ÑQ¸'«;¸'µ






pgcd(1, 2) = 1
©ß©;¹S«¬¯«
¹S®§¦'ÑQ¸'«;¸'µ





















































































ω0 = (b3, b6, b8)




ω1 = (b4, b6, b8)





ω2 = (b5, b6, b8)




ω3 = (b2, b6, b8)





ω4 = (b3, b6, b8)




ω5 = (b4, b6, b8)
h5 = (−15, 4, 4)
i
¦ô¥
h1 = topp(ω0,1) = topp(b3)
«;´
ω1,1 = σ
τ (ω0,1) = b4
¶
h2 = topp(ω1,1) = topp(b4)
«;´
ω2,1 = σ





























































































































































































ω ∼ ω′ ¥?ÒQ«o©¹S«TÒ§«o©´k«o¸µ k ¥§¹H®Qµ¨ −k ²7«;µ Í «;´g¯'« Í ®Q¦6´kµ«;µ ω′ ∼ ω ¶
 ¹S¥»´kµk¥0¦'¨³~´k³HÒ³~´kË¬áç¨­³
ω ∼ ω′ ¥]Ò§«o©â¹S«£Ò§«o©;´«o¸'µ k «;´ ω′ ∼ ω′′ ¥?ÒQ«;©Ö¹H«£ÒQ«o©´k«;¸'µ k′ ¶#¥§¹H®Qµ¨

























































































pi = ppcm(τi, di)/τi
á



























9ku! Au#"q s­q!up Kx$&%·½kM¿=½]Ä]À
gi = pgcd(τi, di)
ÀÂ
























































 9 st r"=7 m 	Au  1,ps
<ï³S¦'¥§¹S«
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ϕ = (ω, h)
«;´
¨³








































ϕ0 = (ω0, h0)
Ò§¥0¸´á







































































(στ  topp)(xi) =



























































































































send(b0) = (1, 0, 0)
«´








β = send(b0) +













−2 2 0 0
2 −4 1 1
0 1 −2 1
0 1 1 −2


























































































































xi ∈ s ¨³C¹+¥¨­ËoÎy¸'«;¦'©o« s ©o®Q¦6´³S«o¦6´¹ÏÐË ã ®Q¸'¹H« Í «o¦6´ﬂ¯'¸â¨® ÍMÍ «;´ xi ¶
 «´














































































































∀xi, xi ∈ A⇐⇒ xi ∈ s ®Q¸ xi ∈ s.


























































se = 〈x1, q, x2, x1, x3〉,










Ae = {q, x1, x2, x3},



























s = 〈s1, s2, . . . , sk〉 «o¨m´
¸'¦'«¨­ËoÎy¸'«o¦©o«ä¯9ÏÚ®Q²2Ëoµ¥0´k³H®Q¦'¨;¶'®Q¦â¦'®§´k«Iá





se = 〈x1, q, x2, x1, x3〉,




































































shot(s) = {q, . . . , q︸ ︷︷ ︸
occ(q)
, x1, . . . , x1︸ ︷︷ ︸
occ(x1)
, . . . , xn, . . . , xn︸ ︷︷ ︸
occ(xn)
, q, . . . , q︸ ︷︷ ︸
occ(q)
, x1, . . . , x1︸ ︷︷ ︸
occ(x1)
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s1 = 〈x1, x3, x2, x3〉,
s2 = 〈x3, x3, x2, x1〉.
é·«o¨¯'«o¸à ¨­ËoÎy¸'«o¦©o«o¨I¥0¯
Í



















































































s ≡ t ¶'¨­³á








A ∆ B = (A ∪ B) \ (A ∩ B).
é·®
ÍÍ








































































































oﬃ,$  ﬂ­ﬀﬁ)ﬃ,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s′ = 〈x4, x1, x4, x3, x4, x2, x4〉,
¥§¹H®Qµ¨Uá
shot(s) = {x4, x1, x3, x4, x2, x4, x4}.
É¦Ö²'¥§µ­´³S©o¸¹S³S«;µo¶
s ≡ s′ È=É¦â«;Ê7«;´á













occ(q)− occ(q) = 1− 1 = 0− 0 = occ′(q)− occ′(q)
occ(x1)− occ(x1) = 2− 1 = 1− 0 = occ′(x1)− occ′(x1)
occ(x2)− occ(x2) = 1− 2 = 0− 1 = occ′(x2)− occ′(x2)
occ(x3)− occ(x3) = 1− 0 = 1− 0 = occ′(x3)− occ′(x3)























ÇÀ¼kÄÀÂQo¾A  9À=Â ªÇ~ÃI)(ªÀ t½k¢ùº§¾¼­Ã§Â½k
  ,
ÇS½A¼tÄ












































































































































































































I ⊆ shotmin(s) È~»¥§³H¨o¶0¨³ s′ «;¨­´#¸'¦«¨­ËoÎy¸'«;¦'©o«åËoÎy¸'³HÒ0¥§¹H«o¦6´k«{ s ¶y¥§¹H®Qµ¨
shotmin(s) ⊆ shot(s′) ÈÉ#¦ª«;Ê7«;´?¶ shotmin(s) ∇ shot(s′) ∈ V Èﬁ~Ö¥§³S¨ð©o® ÍÍ « shotmin(s) /∈ V ¶
©o«;¹+¥ô¨³SÑ§¦'³Hæ=«âÎy¸'«



















®Qµ²'±«å¥0¸M´kµ­«o³H¹S¹S³H¨ç¯'«¹ÏÐ³S¯'Ëo¥§¹ V ®§µ¯'®Q¦¦'Ëå²'¥§µð³H¦'©o¹H¸'¨³H®Q¦ÖÕ×©ØbÈÉïà« Í ²'¹H«åÛ'È~í?Û²=¥§ÑQ«©o³ j%©;®Q¦6´kµ« Ü È
É¦Å«;Ê7«;´?¶©o®
ÍÍ



































norm(s) = 〈q, . . . , q︸ ︷︷ ︸
nb(q)
, x1, . . . , x1︸ ︷︷ ︸
nb(x1)
, . . . , xn, . . . , xn︸ ︷︷ ︸
nb(xn)
, q, . . . , q︸ ︷︷ ︸
nb(q)
, x1, . . . , x1︸ ︷︷ ︸
nb(x1)



















norm(s) ≡ s ¶7«´ shot(norm(s)) = shotmin(s) È¥ª¨­ËoÎy¸'«o¦©o« norm(s) «;¨­´U«;¦















































































s = 〈x1, q, x1, q, x1〉 È
V {shot(s′)|s′ ≡ s}
V 0 ∅ shot(norm(s)) = {x1}
V 10 {q, q} {q, x1, q}
V 11 {x1, x1} {x1, x1, x1}
V 20 {q, q, q, q} {q, q, x1, q, q}
V 21 {q, x1, q, x1} {q, x1, x1, q, x1}
V 22 {x1, x1, x1, x1} {x1, x1, x1, x1, x1}
V 30 {q, q, q, q, q, q} {q, q, q, x1, q, q, q}
V 31 {q, q, x1, q, q, x1} {q, q, x1, x1, q, q, x1}
V 32 {q, x1, x1, q, x1, x1} {q, x1, x1, x1, q, x1, x1}
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¶§¥§¹S®Qµ­¨ I \{xik} ⊆
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ϕ1 = ϕˆ0 
Ã§ÇS½A¼kÄ




































































































































































































































































ϕ1 ∈ Vϕ ¨­³ ϕ1  ϕ,















9ku! Au#"q s­q!up Kx,zv ÀÖº§¼­Ã¿+*=À ½A¼À=Â 
Gϕ






¡# ﬁ ôÁ½k=ÂÇ~ÃÌ¼kÀÇ~Ã§Â,½k ÁÀ t½A¾  §À¼Â×¾¼tÀ»ÀtÄÂÇ~Ã¼kÀÇ~Ã§Â,½k





















































































































































ϕ+ h1 + h2 + · · ·+ hk := (· · · ((ϕ+ h1) + h2) + · · ·+ hk),
























































9ku! Au#"q s­q!up Kx,z$&%N½kýÂ
ϕ1, . . . , ϕk+1
ÁÀtÄ t½k¢ùº§¾¼Ã§Â,½kÄIÀÂ



















k − 1 È i ¦â¥M¥0¹S®Qµ­¨Tá
ϕ1 + h1 + · · ·+ hk−1  ϕk,
¯NÏÐ® ôá


















∀ϕ, aiϕ = ϕ⊕ ei,
® á
ei = (0, . . . , 0︸ ︷︷ ︸
i−1

































































∀ϕ, aiϕ = ϕ⊕ ei,
³\[]Z
ei = (0, . . . , 0︸ ︷︷ ︸
i−1
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­¯· ¦X ¥¬0¥§¨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·YX ªA¦0¨¾ªA´ÇÆ0·¯ª¹0ªJ¨Q©A³C¦8ºkWC»0°±¥L®w­¯³C¦0¨R°¾½A©J»0°±°¾ªA¦g®wªJ¨¹>ªÇ·4¥©d«¥§­F¦>ªÇ¹0ª8µ¥L°&§³$c Cω ²HªE®
E ·XÔ»>¦0­F³C¦¹>ªA¨ Eω ¬:³C»0°&®w³§»>®wªJ¨·¯ªA¨&©J³C¦>ºkWC»>°w¥L®±­F³C¦0¨¿yÂÁJ©d«0ªA¨­F¦>­¯®w­F¥§·FªJ¨ ω ¬H³§¨±¨±­¯Æ0·FªJ¨AÃ
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ﬀ
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Ã<Ä¦ ¥§¬0¬:ªA·F·¯ªJ -mgpbtgr-n  rs¬ po »'¬ oYm& %po Ó³§»


























































{xi1 , xi2 , . . . , xik}
Ã







(η1, . . . , ηk)
®wªJ·ÅÊ»>ª Z
η1λi1 = · · · = ηkλik = ppcm(λi1 , . . . , λik).
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Ä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­F·S¦X µªA¦ ¥Êb»X »0¦²Z
































λ2 = λ3 = 1
Ã

³C¦0¨¾­F¹0½J°±³C¦0¨f·YX ªA¦0¨¾ªA´ÇÆ>·Fª¹0ªA¨f¹0ªA»8Àﬀ¨±³§´¸´ªJ®±¨ {x1, x2} ÃÕªPf{¥§©E®wªA»>°´Ç»0·®w­¯¬0·F­¯©q¥L®±­df¹0ª©AªE® ªA¦¿
¨±ªJ´ÇÆ0·¯ª cL¥§»>®

























































ϕ = (ω, h)
r-¢_t mﬃ§¢.´Tµ%r-ny %poY§¢ £-t Mτq ½
³§oqp
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½AÆ:³C»0·¯ªA´ªA¦g®w¨Q½E®d¥§­¯ªA¦g®Q©J³C´¸´»>®d¥L®±­df ¨
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miλi ≤ mkλk Ã:­F¦0¨¾­Í² xi ¦XÔ¥Ð±¥§´ﬀ¥L­F¨ªJ¦c§³$C½¬0·¯»0¨Q¹0ª WC°w¥L­F¦0¨QÊb»X ­F·
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WC½J¦0½A°±¥§·F­¯¨w¥L®±­F³C¦¹>»©J°±­¯®±ÁA°¾ª¹>ª¶¤«¥§°i¥§»¼´¸³¹0ÁJ·FªRÂÁJ©d«0ªE¿y«¥§»>®±ªA»0°JÃ












ϕ+ kλβ 7→ ϕ
½
¬­§n)©



































(b1, b2, . . . , bdq)
²&³\[
b1, b2, . . . , bdq
¨¾³C¦g®¼·FªA¨ÉÆ0°¾­F¦0¨
¥§¹MÐ±¥L©AªA¦g®±¨¶¥L» ¬0»0­¯®±¨AÃÄ¦ ´³C¦g®w°±ªÊ»>ª®±³C»>®QÆ>°±­F¦ ¥L¬0¬¥§°±¥ﬂŁF®¥§» ¬0·F»0¨
λ
f ³C­F¨R¹¥§¦0¨Q©d«¥LÊ»>ª¨¾½A°¾­Fª§Ã
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ϕ ∈ E ⇐⇒ ϕ+ λβ 7→ ϕ.
 l §¢ﬀ©gpny %poY§¢
^8­
ϕ + λβ 7→ ϕ ­F·ªJ¨¾®©J·4¥§­¯°iÊ»>ª ϕ ¥§¬>¬¥§°w¥ŁF®»0¦¢¦0³§´ÇÆ0°±ª¶­F¦>º0¦0­¹0ª>f ³C­¯¨¹0¥§¦0¨R·F¥©d«0¥ﬂŁ4¦0ª¶¹0ª




















ϕ0 +h 7→ ϕ1 ²¬0¥§°f·F¥>U°¾³C¬H³§¨±­¯®±­F³C¦¸Ü8ÃÙR¬0¥%WCªÙmÛ%¾>Ã
U ¥L°©J³C´´Ç»>®d¥M®w­dc­®w½R¹>ªA¨½AÆ:³C»0·FªJ´¸ªJ¦g®w¨&³C¦¼¬HªJ»>®¥§·¯³C°±¨&½J©A°±­¯°±ª Z
ϕ0 + h + kλβ  ϕ1 + kλβ 7→ ϕ2,
¹X »0¦0ª¬¥§°¡®q²ªE®>Z







ϕ1 + kλβ 7→ ϕ1 Ã
µ¥§­¯¦b®±ªA¦¥L¦b®³C¦¼¬:ªA»>®©A³§¦0¨±­¯¹0½A°¾ªA°i·FªfÐ¾ªJ»¨¾»0­dcL¥§¦g®*Z¬¥§°¡®d¥§¦g®i¹0ª·4¥Ç©J³C¦>ºkWC»>°w¥L®±­F³C¦É°±½J©A»0°¾°±ªJ¦b®±ª


























ϕ+ λβ 7→ ϕ Ã 
.·fªJ¨¾®8a¦0³§®wªJ°Êb»0ª¹>ªA¨©A¥§¨Ç¬¥L°¾®w­¯©A»0·¯­FªJ°±¨¹0ª©Jª¸®w«>½A³C°¾ÁA´ªﬀ³C¦g®Ç½E®w½¹>½A´³C¦g®w°±½J¨³C»»>®w­¯·F­F¨¾½A¨
¹¥§¦>¨¶ÖÔÜ 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ϕ1 = (ω1, h1)
ªJ®
ϕ2 = (ω2, h2)
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ϕ1 = (ω1, h1)
tgp




ϕ1 ∼ ϕ2 ⇐⇒ Eω1 = Eω2 .
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ϕ1 ∼ ϕ2 Ã 
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ϕ+ (m+ c)λβ 7→ ϕ,
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ϕ = ϕj
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ϕ+ k λβ 7→ ϕ˜.
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Pq(ϕ) tﬃ©gpr-¢_t p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ϕ1 ∧ ϕ2 = ϕ−, ¨¾­ ϕ1 s
−
 → ϕ−






 → ϕ− ªJ® ϕ2 s
−
 → ϕ+
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s− = 〈xb, xb〉 ªJ® s+ = 〈xa〉,
s− = 〈xb, xb〉 ªJ® s+ = 〈xa〉,
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ϕ+ kλβ 7→ ϕ ²
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rang(ϕ+ h) ≥ rang(ϕ).
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A1 = {{b4, b7}, {b4, b8}, {b4, b9}, {b6, b7}, {b6, b8}, {b6, b9}},
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|E| = (∏xi 6=q τi)|T | ½
 l §¢ﬀ©gpny %poY§¢





|det(∆q)| Ã>ÕVX ½Wg¥§·¯­¯®±½ |Eω| = |G| c­FªJ¦b®¹0»
ÕÅªA´´¸ªRÜ8ÃØ×CÜ¶¬¥ﬂWCªÙ 	>ÃÈ® ªA¦>º¦<²>·FªPf{¥§­®Êb»0ª |det(∆q)| ¨¾³C­¯®½Wg¥§·a |T | ¥¶¹0½Ð&aÇ½E®w½ c»¹¥L¦0¨ ·4¥





³C°±³§·F·4¥L­F°±ªRÜ8ÃØ×%¾Ç¬¥%W§ªQ¬0°±½J©A½A¹>ªA¦g®wªL²:³§¦¼ªJ¦É¹0½A¹0»>­¯®iÊb»0ª |E| = (∏xi 6=q gi)|Eω| ªJ®¥§­¯¦0¨±­
·4¥Ç¹>ªA°±¦>­FÁA°¾ª½Wg¥§·¯­¯®±½§Ã
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È¦¢¬¥§°¡®w­¯©A»0·¯­FªA°J²0©AªJ·4¥¦0³C»0¨¹0³C¦0¦0ª |G| = λa × λb × det(∆q) = 1× 2× 8 = 16 ÃHÄ¦µ°¾ªJ®±°±³C»ﬀc§ª
Æ0­¯ªA¦
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ei = (0, . . . , 0︸ ︷︷ ︸
i−1



























Ψω(g) = φ˜g ¶
§













































tﬃ©gpr-¢_t>«o .tﬃmgpoY§¢¤£-t G £, %¢ﬀ© Eω ½
 l §¢ﬀ©gpny %p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ÕÅªA¨Ç¹0ªJ»8À¬0°±³C¬:³C¨¾­¯®w­¯³C¦0¨¬0°¾½A©A½J¹0ªA¦g®±ªA¨¬HªJ°±´ªJ®¾®wªA¦g®¹0ª©q¥L·FÊb»0ªA°¶·4¥É¨¾®±°±»0©E®w»0°¾ª¹0ª G ¨¾»0° Eω Ã
È¦ ¬¥§°¡®w­F©J»0·F­¯ªA°J²³C¦¢¬:ªA»>®R¹0½Jº¦>­F°R»>¦0ªÇ·F³§­Ë¹>ªÇ©A³C´¬:³C¨±­®w­F³§¦­¯¦b®±ªA°¾¦0ª ⊕ω ¨¾»0° Eω ²:Êb»0­ ´Ç»>¦0­¯® Eω
¹X »0¦0ª¨¾®±°±»0©E®w»0°¾ª¶¹>ª*W§°±³C»0¬:ª¥§Æ:½A·F­¯ªA¦ÎÃ
@,+R$' Ä¦µ¹0½Eº¦0­®»>¦0ª·¯³C­Î¹0ª¶©A³C´¬H³§¨±­¯®±­F³C¦­¯¦g®wªA°¾¦0ª ⊕ω ¨±»>° Eω ¹>ª¶·F¥´¸¥§¦0­¯ÁA°±ªQ¨¾»0­¿
cL¥§¦g®wª8Z
∀ϕ1, ϕ2 ∈ Eω , ϕ1 ⊕ω ϕ2 = Ψω(Ψ−1ω (ϕ1)Ψ−1ω (ϕ2)).






 rs¢koz£-t ⊕ω tﬃ©gp r-¢Bµ%n)§r»kt¼ ,«glg¬ oYtg¢ o­©$§ §n
»kkt 	 G ½
 l §¢ﬀ©gpny %poY§¢
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ϕ′, ϕ s → ϕ′, shot(s) = {x1, . . . , x1︸ ︷︷ ︸
k1
, . . . , xn, . . . , xn︸ ︷︷ ︸
kn












































Ä¦°±ªJ®±°±³C»scCª¥§»0¨¾¨±­Î·¯ª f{¥§­®Êb»X »0¦0ªQ©J·4¥§¨¾¨±ªQ¹X ½AÊb»0­ªcL¥§·FªJ¦0©Aª¬:³C»0° ∼ ªJ¨¾®i¹0ª®d¥§­¯·F·Fª (∏xi 6=q pi) ¨±­
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Gϕ = {ϕ, ϕ11, ϕ12, ϕ21, ϕ22, ϕ32}.
­¯ªA¦P¨  0°A²(©AªJ¨
4/2 × 6/2 = 6 ©A³§¦>ºkWC»0°±¥L®w­¯³C¦0¨¸¥§¹0´ªJ®¾®wªA¦g®¸®w³C»>®±ªA¨»>¦0ªµ©J³C¦>ºkWC»>°w¥L®±­F³C¦8¿ÍÂÁA©d«>ª
¹0­Ì<½J°±ªA¦g®±ªªE®©A³C»ﬀc°¾ªA¦g®¥L­F¦0¨¾­<®w³C»8®i»0¦0ª ∼ ¿.©A·F¥§¨±¨¾ª§Ã:Ä¦¥·F¥ﬁ©A³C°¾°±ªA¨¾¬H³§¦0¹¥§¦0©Jª¶¨¾»0­dcL¥§¦g®±ª Z
ω {b4, b7} {b4, b8} {b4, b9} {b6, b7} {b6, b8} {b6, b9}

































































  ¬­§o ⊕ω £-l´z¢koYt`©gr-n Eω tﬃ©gp!tg¢ J %oqp ¬ª  ¬­§oR©grsoq¨ %¢kpbt
∀ϕ1, ϕ2 ∈ Eω, ϕ1 ⊕ω ϕ2 = ϕ˜3,
§

ϕ3 = (ω, h1 + h2) ¶ ϕ
ω
1 = (ω, h1)
tgp
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³C¦ ¥§¬0¬>·F­FÊb»0ª¶·YXÔ¥§·­W§³C°±­®w«0´ªR®w«>ªA°±´­FÊb»0ªLÃµ¥L­F¨®±³C»>®±ª©A³§¦>ºkWC»0°±¥L®w­¯³C¦¢¹0ª·4¥¸©J·4¥§¨¾¨±ª Pq(ϕ1) Êb»0­
¥§¹0´ªJ®
ω
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Õ¥  ­dWC»0°±ªÜ8ÃÙ.h¢´³C¦g®w°±ª¸·YX ªEÀ8ªA´¬0·¯ª¸¹X »0¦0ªÉ¥L¹0¹0­¯®±­F³C¦Ó¬H³§»0°·F¥·F³§­ ⊕ω ÃÑÄ¦©d«¥§¦WCªﬀ¹0ª´³8¹0ÁJ·Fª
©AªE®±®±ª f ³C­F¨JÃÈ,¦2f{¥§­¯®A²¹>ªR·4¥©A³C¦8ºkWC»0°±¥L®w­¯³C¦
ϕω1
































































































Ä° ¨±­ﬁ³C¦ ¥§¦g®±­¿.½JÆH³§»0·FªÒ»>¦0ªf ³C­F¨ ·¯ª¨±³C´´¸ªE®
xa
a ¬¥§°¡®w­¯° ¹0ª





















¸rV¹ rs¢_t mﬃ§¢.´Tµ%r-ny %poY§¢ n)lﬃmgr-nnﬃtg¢kpbt
¶
tgpw %oq¢ﬀ©go
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^8³C­® Mτq = (M, q, τ)
»0¦´³¹0ÁA·¯ªÂ0ÁA©d«0ªO¿.«¥§»8®wªA»>°AÃÕ¥©A¥§°¾®±ª M = (σ, α) ªA¨¡®Ç»0¦>ªﬀ©q¥L°¾®wª









λ = ppcm(λ1, . . . , λn).
Ä¦¦>³§®wª¥§·¯³C°±¨ Mλ = (σλ, αλ) ·F¥ﬁ©q¥§°¡®wª¹0½Jº0¦0­FªQ¨¾»0° B × [1, λ] ®wªJ·F·¯ªQÊ»>ª Z

¨¾­









































f ³C­F¨Q·¯ªA¨Æ0°¾­F¦0¨¹0ª M ÃÈ¦¬¥§°¡®w­¯©A»0·¯­FªA°J² Mλ ¥L¹0´¸ªE®¶¥§»>®d¥L¦b®
¹0ª¨¾³C´´¸ªE®w¨(Ê»>ª M ²8©A¥§° σλ ¥L¹0´¸ªE®&¥§»8®d¥§¦g® ¹>ª©J©A·¯ªA¨ Êb»0ª σ Ã0Ä¦EWg¥L°±¹0ª·¯ªA¨f´MÓJ´¸ªJ¨¦0³§®w¥L®w­¯³C¦0¨
¬:³C»0°&·FªJ¨i¨±³C´´¸ªE®w¨&¹0ª M ªJ®¹0ª Mλ Ã




¢_§n   %¬ o­©$l¹0ª Mτq
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α : (b0, b7)(b1, b4)(b2, b3)(b5, b9)(b6, b8),
σ : (b0, b1, b2)︸ ︷︷ ︸
q
(b3, b4, b5, b6)︸ ︷︷ ︸
xa


































































































































































ϕ = (ω, h)
»0¦0ª©A³C¦8ºkWC»0°±¥L®w­¯³C¦¸¹>ª Mτq
²¥§·¯³C°±¨
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^8³C­®
ϕ = (ω, h)
»0¦0ª©A³§¦>ºkWC»0°±¥L®w­¯³C¦É¹0»4 	 ¹0ª·4¥  ­dWC»0°¾ªÜ8ÃÙCÙ¬¥%WCªﬁÙ 	
	¹>½Jº¦0­¯ª¬¥§°Z
h = (1, 3)
ªJ®
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tﬃ©gpmﬃ§ »ﬀ %po«¬­tP %¨%tﬃm!¬­tﬃ©`§ﬃ»klgny %poY§¢ﬀ© £R¹ºl«g§r-¬­t tg¢kp© 
¨ %¬ o£-tﬃ© §r8¢_§¢¼tgpT£R¹   .§r-pT£-t µ%ny %oq¢ﬀ©
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ﬀ
 2£%o­©gpno«r-poY§¢ £-tﬃ©* %¨ %¬ª %¢_mﬃktﬃ©tﬃ©gpz¬ª  %$ t ©grsn0¬­t  §£g¬­t>§noªµ%oq¢' %¬tgp©grsn
©$§¢
λ
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λ = 1








>¯  ¯. ! ³§oqp
ϕ
r-¢_tBmﬃ§¢.´Tµ%rsny %poY§¢ £-t Mτq ½ 















 l §¢ﬀ©gpny %poY§¢  È¦ªEÌ<ªE®q²i¨±­
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Ä¦ °¾ªA¬0°¾ªA¦0¹ ·4¥Ï©A³C¦8ºkWC»0°±¥L®w­¯³C¦ ¹0ªÓ·XØÈ À8ªA´¬0·¯ª Ü8Ã ¾Ï¬¥%W§ª Ù 	\i>Ã .·Q¨XÔ¥%WC­®É¹X »0¦0ª©J³C¦>ºkW§»0°w¥L®±­F³C¦
°±½J©A»0°¾°±ªJ¦b®±ª¶¹>»´³8¹>ÁA·FªR¹0ª·4¥  ­ W§»0°±ªÜÃ¯ÙCÙ¬¥ﬂWCªÙ 	 	>Ã Ä¦É¦0³§®±ª
ϕ
©JªJ®¾®wª©A³C¦>ºWC»0°w¥M®w­F³§¦Î²>³C¦¥@Z
h = (0, 1)
ªJ®
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¤¥§¦0¨,»0¦¬0°¾ªA´­FªA°S®wªA´¬0¨J²g³C¦¨X ­F¦g®w½J°±ªA¨¾¨±ªR¥§»¦0³C´ÇÆ0°¾ª&¹0ªi©A³C¦8ºkWC»0°±¥L®w­¯³C¦0¨°±½J©A»0°¾°±ªJ¦b®±ªA¨JÃ Ñ®w¥§¦g®
¹0³C¦>¦0½ Ê»>ª |Nϕ| cL¥§»8® λn ² ¨±­ n ªJ¨¾®¼·Fªµ¦0³C´ÇÆ0°¾ª ¹0ª ¨±³C´´ªJ®w¨ﬀ°±½W§»0·F­¯ªA°±¨ﬀ¹0» ´³¹0ÁA·¯ª§²(¬¥§°·Fª

³C°¾³C·F·F¥§­F°¾ª`¾>Ã iﬁ¬¥%WCªQ¬0°¾½A©J½A¹0ªJ¦b®±ª§²:³C¦¥LZ
|Eλ| = λn × |E|,
³\[ E
e
°¾ªA¨±¬<Ã Eλ j¶ªJ¨¾®·XÔªJ¦0¨±ªJ´ÇÆ0·Fªﬀ¹0ªA¨ﬁ©J³C¦>ºkWC»>°w¥L®±­F³C¦0¨°±½A©J»0°±°¾ªA¦g®wªJ¨¸¹>ª Mτq e
°¾ªA¨¾¬ÎÃ Mλ,τq
jOÃ,Ä¦























 |Eλω| = λn × |Eω|.
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¹¥§¦0¨¼·Fª ´³¹0ÁA·¯ª¢³C°±­dWC­F¦0¥§·qj f ³C­F¨JÃ&Õ¥cL¥§·¯ªA»0°
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¦Ó½E®w»0¹0­¯ª¹¥§¦0¨©AªE®±®±ª¸¨¾ªA©J®±­F³C¦ ·Fªﬁ´³¹0ÁA·¯ªﬁ¹0»Ó´¸¥§°¾©d«0ªA»0°ªJ»0·F½J°±­FªJ¦ÎÃÅÈ¦ ¬¥§°¾®±­F©J»0·F­¯ªA°A²H³C¦ °±ªE¿
¬0°¾ªA¦0¹Ó·YXÔ¥§°¾®±­F©A·¯ª>f ³C¦>¹¥L®wªJ»0°ÖØÜ§×MÚÍÃ

X ªA¨¡® a®±°w¥.cCªJ°±¨©JªJ®ªEÀ8ªJ´¸¬0·¯ª§²Å©Jª¸©A¥§¨¬¥§°¾®±­F©J»0·F­¯ªA°¹0» ´³8¹0ÁJ·Fª
ÂÁJ©d«0ªE¿y«¥§»>®±ªA»0°J²:Êb»0ª·4¥Ç·¯³C­Î¹X ½AÆ:³C»0·¯ªA´ªA¦g®PWC½J¦0½A°±¥§·F­¯¨±½AªQ¬>°±ªA¦>¹®w³§»>®i¨±³C¦¼¨±ªJ¦0¨AÃ
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ÖØ×ﬂiLÚÍ²¯Ö 	LÚqj¨±»0°Q·¯ªÇ´¸³¹0ÁJ·Fª¹>» ®w¥§¨Q¹0ªﬁ¨±¥§Æ0·Fª>f ³C¦g®­F¦g®wªJ°ycCªJ¦0­F°
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  '¯q         -¯
  ¯ R¯ >  ¯  	
@'TIﬁ-±%Z Mτq, ϕ = (ω, h)
I 


















xj 6= q  ¯ﬂ±







Arbre← Arbre ∪ b  
NbEbouls[xj ]← NbEbouls[xj ] + 1  
AjouterBrinsEboules(ListeBrinsTraites, xj , NbEbouls[xj ])
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λ =













¹¥§¦0¨ T ²0®±ªA·F·¯ªÊb»0ª Z









∀xi 6= q, τi = 1 jEÃ
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4 = λ1 × λ2 ©A³§¦>ºkWC»0°±¥L®w­¯³C¦0¨Q¹X »0¦0ª´ÓA´ªÇ©A·F¥§¨±¨¾ª




































©q¥M®w­F³§¦0¨­¯¦0¹0»0­®wªA¨¨±»0° ·¯ªA¨wW§°±³C»0¬:ªA¨i¥L¨±¨±¨¾³8©J­F½J¨AÃ Ä¦¨w¥L­¯® Êb»0ªQ©JªJ®¾®wªQ¬0°¾³MÐ¾ªA©E®w­F³§¦ªA¨¡®i»0¦  §n
»k-o­© t










©%X ªA¨¡®¾¿baM¿.¹0­¯°±ªQ¨¾»0°i·FªA¨i´³8¹>ÁA·FªJ¨ Mτq ′ = (M, q, τ ′)
²>®±ªA·¯¨&Ê»>ª2Z
∀xi 6= q, τ ′i |τi.
×C× 
^8ªJ©J®w­¯³C¦
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©J³C¦>ºkW§»0°w¥L®±­F³C¦¸¹0ª E ²bªJ®¨±­ xi ªJ¨¾®»0¦¨±³C´´ªJ®f°±½W§»0·F­¯ªA°A²b³C¦¸¹0½Jº0¦0­¯®·YX ³C¬H½J°w¥L®±ªA»0°
fi
®wªJ·ÑÊb»0ª










ϕ = (ω, h)
²bªE® ¨±­:³C¦¸¬H³C¨¾ª
ϕ′′ = (ω′′, h′′)
®wªA·
Êb»0ª Z
∀xj 6= xi, q, ω′′j = ωj,
ω′′i = σ(ωi),
h′′ = h + send(ω′′i ),
¥§·¯³C°±¨
ϕ′ = ai ϕ′′
ÃÕÅª·FªJ´¸´ª¨±»>­dcL¥§¦g®ªA¨¾®i®±°±­dc­F¥§·Z
ﬃ   ³§oqp
xi














: °  
























	 ,_	bﬃ y 0	I_d .	bﬃ `/ gJ#{ﬃ#{0 ﬁ% 143+5







































­F´¬:³C°¾®w¥§¦g®wª¹¥§¦0¨ ·¯ªA»0°f©A³C´¬:³C°¾®±ªA´ªA¦g® Êb»0­H©A³C¦g®w°±¥§¨¾®±ª¥.cCªA©Q·F¥8©go  »'¬ oYmgoqpbl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E × E Ã
^8³C­® R »0¦>ª n)tg¬ª %poY§¢]«oq¢' %oqn)t¨±»>°»>¦ªJ¦0¨±ªJ´ÇÆ0·Fª E   R ªJ¨¾®¹0­¯®±ª Z

n)l Pty·\oq¨%tE²0¨±­
∀x ∈ E, xRx,

©  lgpno¸rktE²0¨±­
∀x, y ∈ E, xRy =⇒ yRx,

 %¢kpo­©   lgpno¸rtE²>¨±­
∀x, y ∈ E, (xRy ªJ® yRx) =⇒ x = y,

pny %¢ﬀ©goqpoq¨%tE²0¨¾­
∀x, y, z ∈ E, (xRy ªE® yRz) =⇒ xRz.
− o −

v   v{x 
/:1*>3>+%z   - *+b *1/28H/




^8­ R ªA¨¡®»0¦0ª¶°±ªJ·4¥L®±­F³C¦É¹X ½AÊb»0­ªc§¥L·FªA¦>©Aª¨¾»0° E ²:³C¦µ¬:ªA»>®R¹0½Jº0¦0­F°¬H³§»0°©d«0¥§Êb»0ªÇ½A·¯½A´ªA¦g® x ¹0ª
E
¨w¥4mg¬ª ©ﬃ©$t§Ã Ä¦¬:³C¨±ª·F¥Ç¦0³§®d¥M®w­F³§¦¨±»0­ªc§¥L¦b®±ª8Z
∀x ∈ E, x¯ = {y ∈ E, xRy}

³C´´¸ª
xRx ²³C¦ﬀ¥ x¯ 6= ∅ ²bªJ® x¯ ªJ¨¾®&¥L¬0¬HªJ·F½i·4¥Emg¬ª ©ﬃ©$t £-t x  §£%r-¬­§ R ÃÕVXÔªJ¦0¨±ªJ´ÇÆ0·Fª¹0ªA¨f©A·F¥§¨±¨¾ªA¨






















∀x, y ∈ Z, xRy ⇐⇒ 2|(x− y),
³\[
2|(x − y) ¨¾­ WC¦>­¯ºª 2 ¹0­dc­¯¨±ª x − y ²©ﬂXÔªJ¨¾®¾¿baM¿.¹>­F°±ªÉÊb»X ­F·&ªOÀ>­¯¨¾®±ª»0¦ªA¦g®w­¯ªA°°±ªJ·4¥L®±­df q ®wªJ·Êb»0ª
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¥L®±«¥§°¾­F¦0ª ªA¬0Æ>»0°±¦Ó¥¶Ð¾³C»0½¹0ªA¹0¥§¦0¨³C» ¬¥§¨JÃ

ªJ®±®±ª¬¥§°¾®±­¯®±­F³C¦¢¹>½Jº¦0­®»0¦0ª°±ªJ·4¥L®±­F³C¦
¹X ½AÊb»0­ªc§¥L·FªA¦>©Aª ¦0¥L®w»0°¾ªA·¯·Fª R′ ¨±»>°·XÔªJ¦0¨±ªJ´ÇÆ0·¯ªQ¹0ªA¨&º·¯´¸¨&¬¥L°0Z
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(E,R) ¹¥§¦0¨ (F,S) ¨±­VZ













∀x, y ∈ E, xRy ⇐⇒ f(x) = f(y)




(F,R′) Ã:Ä¦¼¹>½Jº¦0­® f ¬¥§°0Z














(Z,R) ¹0¥§¦0¨ (F,R′) ²HÊb»0­a¸·4¥©A·F¥§¨±¨¾ª¹0ªJ¨ªA¦g®w­¯ªA°¾¨
¬¥§­¯°±¨¥§¨±¨¾³8©J­FªR·F¥¶©J·4¥§¨¾¨±ª¹0ªJ¨ º·F´¨(¹¥§¦0¨ ·¯ªA¨¾Ê»>ªA·F¨ ¥M®w«¥§°¾­F¦0ª ªJ¬0Æ0»0°¾¦¼¥iÐ¾³C»0½ªE®!a·F¥©A·F¥§¨±¨¾ª¹0ªJ¨
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v   v)( 
/:1*>3>+%z  {%--0/ /53 38->/Å+?1=1+(
@,+R$'    	¦>ª°¾ªA·F¥L®w­¯³C¦ Æ0­F¦0¥§­F°¾ªÇ¨±»0°»0¦ ªA¦>¨±ªA´Æ0·Fª
E
ªA¨¡®»0¦>ªBn)tg¬ª %poY§¢ £R¹º§ny£%n)t¨±­ªA·¯·Fª




















x  y ªE® x 6= y Ã:Ä¦¼¹0­¯®¥§·¯³C°±¨iÊb»0ª y mﬃ§rs¨$n)t x ¨¾­ x < y ªJ®¨X ­F·Å¦X ªEÀ8­¯¨¾®wª¥§»0©J»0¦ z ®wªA·
Êb»0ª
x < z < y













ªJ¨¾®»>¦0ª mﬃﬀ %¡q¢_t§Ã^8­F¦>³C¦Î²,³C¦ ¹>­¯®¸Ê»>ª  ªA¨¡®»0¦>ª n)tg¬ª %poY§¢ £R¹º§ny£%n)t
»ﬀ %npoYtg¬YÃ

























ªA¨¡®¦>³§®w½Jª L(E) ªJ® c§¥L»>®
L(E) := Max{L(C), C ©d«¥ﬂŁ4¦>ª¹>ª¶È } Ã
@,+R$'  d ^8³C­®
E
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²L©%X ªA¨¡®f»>¦¤tg¢ﬀ©$t «¬­t §ny£-§¢k¢_l!ny %¢-µ-lEÃ,^»0°
·4¥ºkW§»0°±ªL²·¯ªi¬0°±ªJ´¸­¯ªA°¹0­F¥%WC°w¥L´¸´ª ©A³§¦b®±­FªJ¦b®(¹0ªJ»8À]mﬃﬀ %¡q¢_tﬃ©´ﬀ¥mÀ>­¯´ﬀ¥L·FªA¨ ¹0ª·¯³C¦WC»>ªA»0°,¹0­Ì<½J°±ªA¦g®±ªA¨A²
·FªR¨±ªA©J³C¦0¹ÉªA¨¡®ny %¢-µ-l Z>·¯ª°w¥L¦Wﬁ¹0ªQ©d«¥§Êb»0ªQ½J·F½J´¸ªJ¦b® ªA¨¾®i¦>³§®w½Q¨¾»0° ·FªR¨±³C´´¸ªE® ©J³C°±°¾ªA¨±¬:³C¦0¹0¥§¦g®qÃ 
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ªJ¨¾®»0¦¼½A·¯½A´ªA¦g®'  .·\o   %¬
e
°±ªJ¨±¬ÎÃ  oq¢ko   %¬jf¹>ª
E
¨¾­VZ













∀x ∈ A, x  a (resp. a  x).
¤¥L¦0¨i©Aª©q¥§¨J² ³C¦É¦0³§®wª
a = Max A
e
°±ªA¨¾¬ÎÃ










ªA¨¡®»>¦ lg¬­l tg¢kp oq¢ko   %¬¹0ª
E
ªJ®
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ÕÅªi¨±ªA©J³C¦0¹¤tg¢ﬀ©$t «¬­t`§ny£-§¢k¢_li¹0ªi·4¥ S­ WC»0°¾ªÛ8ÃÙªJ¨¾® ny %¢-µ-lZg·4¥ cL¥§·¯ªA»0°¹>ª©d«0¥§Êb»0ª½J·F½J´¸ªJ¦b®,¬:³C»0°
·YX »0¦0­¯Êb»0ª f ³C¦>©J®w­¯³C¦4ny %¢-µ¹0½Jº¦>­Fª¨¾»0°©JªJ®&ªJ¦0¨±ªJ´ÇÆ0·FªªA¨¡®&¦0³§®±½Aª¨¾»0°·¯ªR¨±³§´¸´ªJ®f©A³C°¾°±ªJ¨±¬:³C¦0¹¥§¦g®&¹>ª














∃m ∈ E, ∀a ∈ A, a  m (resp. m  a)
¤¥L¦0¨i©Aª©q¥§¨J² ³C¦É¹0­¯®iÊb»0ª
m
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N \ {1} ²S¥§·F³§°±¨·FªA¨½A·¯½A´ªA¦g®w¨















E = {24, 36, 39, . . .} Ã R·F³§°±¨ E ¥§¹0´ªJ®¶®w°±³§­F¨´¸­¯¦0³C°w¥L¦b®±¨¶¹0¥§¦0¨





























ªA¨¡®R»>¦]©gr$» {£-t o bpn)tgoq¬q¬ o­©
e













x  y ¨±­ÎªE®i¨±ªA»>·FªA´ªA¦g®i¨¾­ x ¹>­dc­F¨¾ª y jOÃ ·F³C°¾¨














(N,) ªA¨¾®¥§»0¨±¨¾­>»0¦ ©gr$» {£-t o­©




(N \ {1},) ªA¨¡® »0¦ ©gr$» {£-t o­©bpnﬃtgoq¬q¬ o­©E²g´¸¥§­¯¨f¬0·¯»0¨(»0¦ pnﬃtgoq¬q¬ o­©EÃsU ¥L°ªEÀ8ªJ´¸¬0·¯ª§² 2 ªE® 3 ¦_XÔ³C¦g®¬0·F»0¨
¹0ª2«g§n¢_toq¢ .lgnoYtgrsn)tEÃ
: °   
ÕVXtg¢ﬀ©$t «¬­t ny %¢-µ-lR¹0ª·4¥  ­ W§»0°±ªRÛ8ÃÙªA¨¡® »0¦4©gr$» {£-t o bpn)tgoq¬q¬ o­©EÃÈ¦ªJÌHªJ® ©AªJ® ªA¦0¨¾ªA´ÇÆ0·¯ªR©J³C¦g®w­FªJ¦g®
»0¦@»'¬ r© µ%ny %¢'£Llg¬­l tg¢kp{Ã 
ÕVXÔ­¯¦b®±ªA°{c§¥L·F·Fª
[a, b]
¹0ª¹0ªJ»8À¼½A·¯½A´ªA¦g®w¨ mﬃ§ »ﬀ %ny ,«¬­tﬃ©¹X »0¦É®w°¾ªA­F·¯·F­¯¨
T
ªA¨¾®¹0½Eº¦0­Å¬¥§°Z
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 ¯.-  ± R±J.¯ﬂI  	 	¦É®±°±ªJ­F·F·¯­F¨
T
ªA¨¡®¼£%o­©gpno«r-po  ¨JXÔ­¯·Î¨w¥M®w­F¨{f{¥§­¯®`Z
∀x, y, z ∈ T, x ∧ (y ∨ z) = (x ∧ y) ∨ (x ∧ z)
∀x, y, z ∈ T, x ∨ (y ∧ z) = (x ∨ y) ∧ (x ∨ z).
@,+R$'     
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∀x, y ∈ G, f(x ∗ y) = f(x) ⊥ f(y).
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G2 = {a, b} ´Ç»0¦>­Å¹0ª ⊥ ®wªA·¯·FªQÊb»0ª Z a ⊥ a = b ⊥
b = a
ªJ®
b ⊥ a = a ⊥ b = b Ã Õ¥ﬁ·F³C­H¬0°±³¹0»0­®i­F¦0¹>»0­¯®±ª¨±»0° G = G1 ×G2 ¦0³§®±½Aª > cC½J°±­ºª8Z
∀(x, y), (x′, y′) ∈ Z/7Z× {a, b}, (x, y)>(x′, y′) = (x + x′, y ⊥ y′).
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G1 × · · · × Gk ªJ¨¾®·4¥




































G =< Σ|R > Ã













Sn =< τ1, . . . , τn−1|τ 2i = id, P, T >,
³\[]Z
P = {τiτj = τjτi/|i− j| > 1}
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(a, b) = {{a}, {a, b}} ªJ¦¼®±«0½A³§°±­FªQ¹>ªA¨iªA¦0¨¾ªA´ÇÆ>·FªA¨  Ã
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Gmaison = (Smaison, Amaison)
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(a, b) ∈ A′ ¨±­ªJ®¨¾ªA»0·¯ªA´ªA¦g®¨¾­ a 6= b ªE®
(a, b) ∈ A Ã R»8®w°±ªJ´¸ªJ¦g®¹0­¯®A²,·4¥~c§ªA°¾¨±­F³§¦P¦0³C¦ ³C°¾­FªJ¦b®±½Aª©A³C¦g®w­¯ªA¦g®·¯ªA¨ﬀ¥§°±©J¨¹0ª G  .¹0½AÆ¥L°w¥§¨¾¨±½A¨













: °   " 




















ﬀﬁ	b  ﬀ	() 	Q#gﬂ	() 
US³C»>°¶³CÆ8®wªA¦>­F°·4¥@cCªJ°±¨±­¯³C¦³§°±­FªJ¦g®w½Aª¹X »0¦WC°w¥§¬>«0ª¸¦>³C¦³C°¾­FªJ¦b®±½§²Å³C¦Ó°±ªJ´¸¬0·F¥§©Aªﬁ©d«0¥§Êb»0ª¥§°­ÓJ®±ª
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L = 〈s0, s1, . . . , sk〉, ¥.c§ªA© s0 = a ªJ® sk = b,
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Êb»0­ÅªA¨¡®®±°±ÁJ¨­¯´¸¬:³C°¡®d¥§¦g® ªJ¦¬>°w¥L®±­FÊb»0ª§Ã .·ÅªJ¨¾®·FªQ¨¾»0¬0¬:³C°¾®¹0ª¦0³§´ÇÆ0°±ªJ»8ÀÉ´³8¹>ÁA·FªJ¨ ªA¦¼¬0«,¨±­¯Ê»>ª§Ã
@,+R$'  "  Ä¦¼¹>­¯®iÊb»0ª
Lk,l = ([1, k]× [1, l], Ak,l) ªJ¨¾®»0¦0ª>µ%noq¬q¬­t¹0ªQ®d¥§­¯·F·¯ª k × l ¨¾­VZ
∀1 ≤ κ ≤ κ′ ≤ k, 1 ≤ λ ≤ λ′ ≤ l,




(λ′ = λ+ 1))
³C»
((κ′ = κ+ 1)
ªJ®
(λ′ = λ)).
: °   "!  
ÕÅªWC°w¥§¬>«0ªQ¹0ª¹0°±³§­¯®wªQ¹>ª·F¥  ­ WC»>°±ªÛ8Ã h°±ªJ¬0°±½J¨±ªA¦g®±ª·4¥ W§°±­F·¯·Fª
L3,3
¹0ªQ®d¥L­F·F·¯ª
3× 3 Ã 

v Pv)(  
*38%('ﬃ*>3>//53 3->* s *2893>/:*-
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S × (A ∪ {∅}) ¹¥§¦0¨ P(S) ²¹>­¯®wª`f ³§¦0©J®±­F³C¦¹0ªQ®±°w¥§¦0¨¾­¯®±­F³C¦ÎÃ
Ä¦¹0­¯®fÊb»0ª A ªA¨¡®>£-lgp(tgn  oq¢ko­©gpbt¨¾­ M ¬:ªA»>®`ÓJ®w°¾ª`c»0ª©A³§´¸´ªR»0¦>ªQ¥§¬0¬0·¯­F©A¥L®w­¯³C¦¸¹>ª S ×A ¹¥L¦0¨
S
²0ªJ®¨¾­ |I| = 1 Ã


























s ∈ F Ã
: °   "!

³C¦0¨¾­F¹0½J°±³C¦>¨·XØ¥L»>®w³C´¸¥L®±ª A = (S, I, F, A,M) ¹0½Jº¦>­Å¬¥§°Z
S = {s1, s2, s3}
I = {s1, s2}
F = {s1, s3}
A = {a, b}
M :

(s1, a) → {s2, s3}
(s1, b) → {s2}
(s1, ∅) → ∅
(s2, a) → ∅
(s2, b) → ∅
(s2, ∅) → ∅
(s3, a) → {s3}
(s3, b) → {s3}
(s3, ∅) → {s1}

ªJ®¥§»8®w³C´¸¥L®wªQªJ¨¾®°±ªJ¬0°±½J¨±ªJ¦b®±½¨¾»0°i·4¥  ­dWC»0°±ªÛÃÜ8Ã 



















s1 ∈ I ªE® s2 ∈ F Ã
























































Ñ®d¥§¦g®¹0³C¦0¦0½»0¦µ¥§»>®w³§´ﬀ¥L®±ªº¦0­¹0½E®wªA°¾´¸­¯¦0­F¨¡®wª A ²·4¥ﬁ¬0°¾ªA´­FÁJ°±ª©d«0³C¨¾ª a f{¥§­F°¾ªQªA¨¾®¹0ª¹0½J®±ªA°¿
´­F¦0ªJ°Ñ·Fª&·F¥§¦Wg¥%W§ª L Ê»>ª A °±ªJ©A³C¦>¦¥ﬂŁF®AÃ 	¦>ªPf ³§­F¨Ñ¹0½E®wªJ°±´­F¦0½ L ªJ¦¸°¾½A¨±³§·dcL¥§¦0¦g®(·Fª ¨{¨¾®wÁJ´¸ª­F¦>¹0»0­¯®
¬¥§°·YXÔ¥§»>®w³§´ﬀ¥L®±ª§²Ë³C¦Ï¬HªJ»>® c§³C»0·F³§­F°Ç½E®w»0¹0­¯ªA°Ç©JªA°¡®d¥§­¯¦0ªA¨ﬁ¨¡®d¥L®±­F¨¾®±­FÊb»0ªJ¨ﬁ¨±»0° L Ã ÕÅªA¨@pn& %¢ﬀ©£%rkmgpbtgrsn)©
¬:ªA°±´ªJ®¾®wªJ¦b®¥§·¯³C°±¨¹0ª©q¥§·¯©A»0·¯ªA°&©AªJ°¾®w¥§­F¦0ªJ¨i¨¾®d¥M®w­F¨¡®w­¯Ê»>ªA¨i¨±»0°i·¯ªA¨&´³§®w¨&¹0»¼·4¥L¦Wg¥%WCªLÃ
@,+R$'  " 	¦]pn& %¢ﬀ©£%rkmgpbtgrsnÇªJ¨¾®»0¦¼¥§»>®±³C´¸¥L®wª¨¾»0°i»0¦¼¥§·F¬>«¥§Æ:ªJ®
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	¦>ª¥L¬0¬0·F­¯©q¥L®±­F³C¦¶©A·F¥§¨±¨¾­FÊb»0ª&¹0ªJ¨,®±°w¥§¦>¨±¹0»0©E®wªJ»0°±¨(ªA¨¡®f¹>ª©A¥§·F©J»0·FªJ°Ñ·Fª¦0³C´ÇÆ0°¾ª&¹0ªi´¸³L®w¨Ñ¹X »0¦0ª&®w¥§­F·¯·Fª
¹0³C¦>¦0½Aª¹_XÔ»0¦·4¥§¦WC¥%WCª°w¥L®±­F³C¦>¦0ªA· ÃR^8­f³§¦¬0°¾ªA¦0¹·¯ª¸·F¥§¦Wg¥%W§ª°¾ªA©J³C¦0¦b» L ¬¥L°¶·XØ¥§»8®w³C´¸¥L®wª A ¹>ª























ÕzXÔ¥§»>®±³C´¸¥L®wª A ªJ®·¯ª®w°w¥L¦0¨±¹0»>©J®wªJ»0° T Ã
Ä¦¬:ªA»8®i½A©A°¾­F°¾ª·¯ªQ¨y¨¾®±ÁA´ª¶¨¾»0­dcL¥§¦g®Z
S1(x, y) = xS2(x, y)




1− y − x2
S1(x, y) =
x
1− y − x2



























©JfÃ  ­ WC»>°±ªÛ8ÃØÛ\jE²>³C¦É³CÆ>®w­¯ªA¦g®·4¥Ç°¾ªA¬0°¾½A¨±ªJ¦g®d¥L®±­F³C¦¼¨±»0­ªcL¥§¦g®wª8Z
σ = (1, 2, 3)︸ ︷︷ ︸
a
(4, 5, 6)︸ ︷︷ ︸
b
(7, 8, 9)︸ ︷︷ ︸
c
(10, 11, 12)︸ ︷︷ ︸
d
,
α = (1, 11)︸ ︷︷ ︸
(a,d)
(2, 4)︸ ︷︷ ︸
(a,b)
(3, 9)︸ ︷︷ ︸
(a,c)
(5, 10)︸ ︷︷ ︸
(b,d)
(6, 7)︸ ︷︷ ︸
(b,c)
































σα = (1, 12, 9)︸ ︷︷ ︸
F1
(2, 5, 11)︸ ︷︷ ︸
F4
(3, 7, 4)︸ ︷︷ ︸
F2






























σ = (1, 3, 2)︸ ︷︷ ︸
a
(4, 5, 6)︸ ︷︷ ︸
b
(7, 8, 9)︸ ︷︷ ︸
c
(10, 11, 12)︸ ︷︷ ︸
d
,
α = (1, 11)︸ ︷︷ ︸
(a,d)
(2, 4)︸ ︷︷ ︸
(a,b)
(3, 9)︸ ︷︷ ︸
(a,c)
(5, 10)︸ ︷︷ ︸
(b,d)
(6, 7)︸ ︷︷ ︸
(b,c)
(8, 12)︸ ︷︷ ︸
(c,d)
,















σα = (1, 12, 9, 2, 5, 11, 3, 7, 4)︸ ︷︷ ︸
F ′1

















σ = (1, 3, 2)︸ ︷︷ ︸
a
(4, 6, 5)︸ ︷︷ ︸
b
(7, 8, 9)︸ ︷︷ ︸
c















































f{¥§©JªA¨ ZÎ­¯·S¨JXØ¥%W§­¯®QªJ¦0©A³C°¾ªﬁ¹X »0¦ ¬0·F³C¦ﬀWCªA´ªA¦g®¨¾»0°Q·Fª p(§n)t
e










σα = (1, 12, 9, 2, 6, 8, 10, 4)︸ ︷︷ ︸
F ′′1




































ªJ® × ¨¾³C¦g®&¹0ªJ¨&©A³C°¾¬0¨ ©A³§´¸´Ç»8®d¥L®±­df ¨AÃ
U·F»0¨!f ³C°¾´¸ªJ·F·¯ªA´ªA¦g®q²·YX ªA¦0¨¾ªA´ÇÆ>·Fª
K
´Ç»>¦0­Å¹0ª ⊥ ªJ®  ªA¨¡®»>¦ mﬃ§n
»k©¨±­VZ
 (K,⊥) ªJ¨¾®»0¦4µ%nﬃ§r$»kt¼ ,«glg¬ oYtg¢µ¹_XÔ½J·F½A´ªA¦g®¦0ªJ»>®w°¾ª 0K ¹0­¯® lg¬­l tg¢kpz¢kr-¬Y²
 (K∗, ) ªA¨¾®»0¦4µ%n)§r»ktQ¹XÔ½J·F½J´¸ªJ¦b®¦0ªJ»>®w°¾ª 1K ¹0­¯®>lg¬­l tg¢kpr-¢koqpblE²
  ªA¨¡®¼£%o­©gpno«r-poq¨%t¬¥L°°±¥§¬0¬:³C°¾® a ⊥ ²©%X ªA¨¡®¾¿(am¿.¹0­¯°±ªQÊb»0ª¬H³§»0°&®w³C»>® x, y, z ∈ K ² ³C¦¼¥@Z
x  (y ⊥ z) = (x  y) ⊥ (x  z)
(y ⊥ z)  x = (y  x) ⊥ (z  x)
³\[
K∗ = K \ {0K} Ã Õ¥Ò·F³§­ ⊥ ªA¨¾®¥§·F³C°¾¨¥§¬>¬HªJ·F½Aª ,£,£%oqpoY§¢²(ªJ®É·F¥Ó·F³§­   r-¬ po »'¬ oYm& %poY§¢ÃQ^8­
x, y ∈ K ²g³§¦¸¦0³L®wª¥§»0¨¾¨±­ xy ¬:³C»0° xy Ã-^8­ (K∗, ) ªA¨¡®»>¦2WC°¾³C»0¬:ª¥§ÆH½J·F­¯ªA¦Î²§¥§·F³C°¾¨·Fª&©J³C°±¬0¨ K ªA¨¡®















X ªA¨¾®»0¦0ª ©$lgnoYt .§n  tg¬q¬­t¨¾»0°
K






























ÕÅªA¨¼¨±½A°¾­FªJ¨BW§½A¦0½J°w¥L®±°±­F©JªA¨¼¨±³C¦g®¼·Fª ´³$CªA¦ ·Fª ¬>·F»0¨É©A·F¥§¨±¨¾­FÊb»0ª ¬:³C»0°É½A¦b»0´½A°¾ªA°¼»0¦0ª¤f{¥§´­F·F·¯ª
¹X ³CÆÐ¾ªE®w¨ ¨¾»0­dcL¥§¦g®&»0¦ﬀ¬¥§°w¥L´¸ÁE®w°±ªLÃﬀUË³C»0° »>¦0ªR®w°¾ÁA¨ Æ:³C¦0¦>ª­F¦g®w°¾³8¹>»0©J®±­F³C¦¸¨±»0° ·¯ª¨¾»MÐ¾ªJ®A²>¨¾ªQ°±ªA¬:³C°¡®wªA°






Ä¦¹>­¯®i¥§·¯³C°±¨&Êb»0ª A ªA¨¡®R»0¦ tg¢ﬀ©$t «¬­t mﬃ§ «oq¢' %pb§oqn)tEÃ
: °   "!
Ä¦ ¬HªJ»>®¬0°±ªJ¦0¹0°±ª¬:³C»0° A ·4¥Ef{¥§´­F·¯·Fª¹0ªA¨  %¢ko   %rﬂ·CÃ0	¦  %¢ko   %¬,¨±ª¹0½Jº0¦0­¯®¨¾»0°»0¦0ª8WC°±­¯·F·¯ªÇ×m¿
¤ ZË©%X ªA¨¡®ﬁ»0¦Ò¨¾³C»0¨¡¿yªA¦0¨¾ªA´ÇÆ>·Fªﬀ¹>ªﬀ©q¥L¨±ªA¨Ê»>­fªJ¨¾®ﬁ©J³C¦0¦0ªOÀ>ªLÃÑÕ¥ S­ WC»0°¾ªÛÃ 	¼¹0³C¦0¦0ªﬀ»0¦ªOÀ>ªJ´¸¬>·Fª§Ã
ÕVXØ¥L¦0­F´¸¥§·(ªA¨¾®©J³C¦0¨¾®±­¯®±»0½¹0ªA¨©A¥§¨±ªJ¨ W§°±­F¨¾½AªJ¨AÃ	¦Ï¹0ªJ¨¬0°±³CÆ>·FÁA´ªA¨³C»ﬀcCªJ°¾®±¨¹>ª¼·F¥¢©A³C´Æ0­F¦¥M®w³C­¯°±ª



















@,+R$'  "! Ä¦¼¹>­¯®iÊb»X »0¦µªJ¦0¨±ªJ´ÇÆ0·Fª©J³C´ÇÆ0­¯¦¥L®w³§­F°±ª A ªJ¨¾® «oYtg¢ .§¢'£-l¨¾­VZ
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³o A tﬃ©gp¬&¹ rs¢koY§¢¤£%o­©.§oq¢kp(t>£-t B tgp C
¶
 %¬­§n)© 
A(z) = B(z) + C(z).





a = (b, c)
£-t A ¨%lgno ´wt |a| = |b|+ |c|
¶
 %¬­§n)©
A(z) = B(z)× C(z).

³r$»,»k§$©$§¢ﬀ© ¸rt B ¢_t mﬃ§¢kpoYtg¢k¢_t  %rmgr-¢§%« .tgp>£-tBp
 %oq¬q¬­tB¢kr-¬q¬­t   B(0) = 0 
½
³o A tﬃ©gp




a = (b1, b2, . . . , bk)





: °   "! 





















R­¯¦0¨±­Q¹0ª ´¸¥§¦0­¯ÁA°±ª¤W§½A¦0½J°w¥§·¯ª§²&¨±­Q·¯ªA¨É³CÆÐ¾ªE®w¨¼¹X »0¦0ª]f{¥§´¸­¯·F·¯ª¨¾ªÓ¹0½J©A³C´¬:³C¨±ªJ¦b®¼¹0ª ´¸¥§¦0­FÁJ°±ª
»0¦0­¯Êb»0ª¢ªA¦ ³CÆÐ¾ªJ®±¨¹X »0¦0ª ¥§»8®w°±ªBf{¥§´­F·F·¯ª¬¥§°¸¹0ªA¨³§¬H½J°w¥L®±­F³C¦0¨¸¹X »0¦0­F³§¦ ¹0­¯¨ Ð¾³C­¯¦b®±ª§²(¹0ª¢¬0°¾³8¹>»0­¯®
©q¥L°¾®w½J¨±­¯ªA¦ÒªE®¹0ª¸¨±»0­®wªL²ËªE®¨¾­f·¯ªA»0°®d¥L­F·F·¯ª¼cC½J°±­ºªﬀ·¯ªA¨©A³C¦g®w°±¥§­F¦g®±ªA¨¹>»@&«0½J³C°±ÁJ´¸ªÛ8Ã¯Ù >²Ë¥§·F³C°¾¨·FªA¨
¨±½J°±­¯ªA¨PWC½A¦>½A°w¥M®w°±­¯©AªJ¨¥L¨±¨±³©A­¯½AªJ¨Pc§½A°¾­¯ºªJ¦b®·YX ½AÊb»¥M®w­F³§¦Ef ³C¦0©J®±­F³C¦>ªA·F·¯ª©A³§°±°±ªJ¨±¬:³C¦0¹¥L¦b®±ª§Ã
: °   "!
	¦µ¥§»>®±°±ªªEÀ8ªA´¬0·¯ªªJ¨¾®·YX ½A¦b»0´½A°±¥L®w­¯³C¦É¹0ªA¨¼ %¢ko   %r%·L£%oqnoªµ-lﬃ©*¨%tgnpoYm& %¬­t tg¢kp!mﬃ§¢k¨%ty·stﬃ©EÃÄQ¦¹0½E¿
¨±­dWC¦0ª(·4¥i©q¥§¨¾ª¹0»Æ¥§¨Ë¹0ª·F¥©J³C·F³C¦>¦0ªf·F¥¬>·F»0¨Ta Wg¥L»0©d«0ª©J³C´´¸ª,·4¥`©$§r-nﬃmﬃtf¹0ªf·YXÔ¥§¦0­¯´ﬀ¥§· Ã$^8­b·XØ¥§¦>­F´¸¥§·




































































©gf ­ W§»0°±ªÛ8ÃÙ$i,jOÃbÕVXÔ½JÊ»0¥L®w­¯³C¦ f ³§¦0©J®±­F³C¦0¦>ªA·F·¯ª ¹0ª©AªE®±®wª¹0½A©J³C´¬H³C¨¾­¯®±­F³C¦
¹0ªgc8­¯ªA¦g®*Z
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Vg")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1 1 1 1 1
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©q¥L¹0°±ªL²Î³C°±¹>­F¦¥§­¯°±ª¶³C» ªEÀ8¬:³C¦0ªA¦g®±­FªA· ²Î³C¦ ¨¾ª¨¾­¯®±»0ª§Ã<¤¥§¦0¨·Fª©q¥§¹0°¾ªﬁªEÀ8¬:³C¦0ªA¦g®±­FªA· ²<¹0ªJ¨°±½A¨¾»0·¯®w¥L®w¨Q¨¾­¿
´­F·4¥L­F°±ªJ¨ ¥§» @&«0½J³C°±ÁJ´¸ª¶Û8ÃÙ ﬁªEÀ8­¯¨¾®wªJ¦g®RÊb»¥§¦g® aﬁ·4¥ﬁ¹0½J©A³C´¬H³§¨±­¯®±­F³C¦ﬀ¹0ªA¨³CÆÐ¾ªE®w¨i©A³C´Æ0­F¦¥M®w³C­¯°±ªA¨ Z

































³o A tﬃ©gp¬&¹ rs¢koY§¢¤£%o­©.§oq¢kp(t>£-t B tgp C
¶
 %¬­§n)© 
Aˆ(z) = Bˆ(z) + Cˆ(z).





a = (b, c)
£-t A ¨%lgno ´wt |a| = |b|+ |c|
¶
 %¬­§n)©
Aˆ(z) = Bˆ(z)× Cˆ(z).

³r$»,»k§$©$§¢ﬀ©>¸rt B ¢_t mﬃ§¢kpoYtg¢k¢_t> %rmgr-¢ §%« .tgp £-t*p
 %oq¬q¬­t0¢krs¬q¬­t   Bˆ(0) = 0 
½





a = (b1, b2, . . . , bk)
£-t A ¨%lgngo ´wt |a| = |b1| + |b2| +







³o A tﬃ©gp`¬&¹ºtg¢ﬀ©$t «¬­t £-tﬃ©Ltg¢ﬀ©$t «¬­tﬃ© £R¹º§%« .tgp©E£-t B   A = E ¢ﬀ© (B) = {∅} ∪ B/1! ∪




a = (b1, b2, . . . , bk)
£-t A ¨%lgno ´wt
|a| = |b1|+ |b2|+ · · ·+ |bk| ¶  %¬­§n)© 
Aˆ(z) = exp Bˆ(z)











































¨y´ÇÆ:³C·¯­FÊb»0ª§²>³C¦É³CÆ>®w­¯ªA¦g®·YX ½AÊb»¥L®±­F³C¦Ef ³§¦0©J®±­F³C¦0¦>ªA·F·¯ª¨±»>­dcL¥§¦g®wª Z
ACa = {◦} × E ¦0¨ (ACa)
AˆCa(z) = z × exp AˆCa(z)











































Vg")g ﬀﬁ%d  ﬀ	"  ﬀ	 ﬀﬁ-ﬃ 

©A³§¦c§ªA°yWCª¥LÆ0¨±³C·¯»0´ªA¦g®*©go |z| < R
¶

¹0­ªcCªA°yWCª ©go |z| > R
½
Ä¦ ¨±»0¬>¬H³C¨¾ª©A³C¦0¦b»0ªJ¨·FªA¨R¦0³§®w­¯³C¦0¨¹>ª4mﬃ§¢k¨%tgnYµ-tg¢_mﬃt  ,«g©$§¬ rktﬁªJ®8£%oq¨%tgnYµ-tg¢_mﬃtEÃHÕÅªﬁ¦0³C´ÇÆ>°±ª
R
ªA¨¡®
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a1, . . . an ∈ C ¨¾³C¦g®¹>ªA»8À aﬁ¹0ªJ»8À¼¹0­F¨¡®w­¯¦0©J®±¨&ªJ®¬H³§»0° ®w³C»8® i, j ² λi,j ∈ C Ã










(λ1, . . . , λk)
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1 ≤ λ1 ≤ . . . ≤ λk ªE®











2 = 1 + 1 = 2
²
3 = 1 + 1 + 1 = 1 + 2
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2n+ 3 + (−1)n
4
zn
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∀n ≥ 1, [zn]g(f(z)) = 1
n
[zn−1](Φn(z)g′(z)).
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P (Xn+1 = xn+1|X0 = x0, . . . , Xn = xn) = P (xn, xn+1)
@q/;51:Ó2/;52





















































P (Xn = y|X0 = x) = P n(x, y),
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Pi(Ti <∞) = 1⇐⇒ Pi(Ni =∞) = 1.
m





















































(x, y) ∈M2 3<=jmtH3<r2)?5100+2)34: k 92[51051342%lC013< x = x0, x1, . . . , xk = y 2)9=<=4%SM51L
P (xi, xi+1) > 0
@q/;51:
i = 0, . . . , k − 1 I ¢ `r2··>134:Y
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